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The Fiftieth Anniversary of the A.ILE.E. 


By J.B. Whitehead, President A.I.E.E. 1933-34 


N CELEBRATING the 
dl fiftieth anniversary of 
the founding of the 
American Institute of Elec- 
trical Engineers, it may 
also be said that we are 
celebrating also a similar 
birthday of the electrical 
art. The period in which 
the Institute was founded 
was that in which the ap- 
plications of electric power were just 
beginning to expand beyond the fields 
of the telegraph, the telephone, and 
other signal systems which, while al- 
ready highly developed and rapidly 
growing in public service, nevertheless 
were strictly limited in character of 
service, and commonly involved cur- 
rents and voltages of relatively low 
values. However, electric lighting by 
are and incandescence also was well 
on its way, and the first New York 
Edison central station already was a 
reality. Evidently the time was ripe 
for the birth of the profession of electrical engineer- 
ing. 

Similar stirrings from similar causes were occurring 
in other countries. The Société Francaise des Elec- 
triciens has just at this writing celebrated the fiftieth 
anniversary of its foundation, thus antedating the 
A.I.E.E. by a few months. The British Institution 
of Electrical Engineers was not to see its formal 
foundation until 1888, but in fact it was already 
existent in the Society of Telegraph Engineers and 
Electricians. In other countries, similar societies 
also were the forerunners of the later expanded 
organizations with wider scopes. 

A most interesting account of the conditions in 
the electrical art in America in 1884 is to be found in 
a paper by the distinguished English electrical 
engineer, W. H. Preece, F.R.S., who was one of a 
delegation of British scientists and engineers attend- 
ing an electrical congress in Philadelphia, called for 
ratifying the Paris units of current, electromotive 
force, and resistance. Others in the delegation 
were Lord Rayleigh, Sir Oliver Lodge, and Sir 
William Thompson. Full of appreciation of the 
hospitality and courtesy extended everywhere in 
America, Mr. Preece complains of its summer 
heat, and also of the dearth of electrical papers and 
discussion at the joint meetings of the conference 
and the American Association of Arts and Sciences. 
He mentions as outstanding topics ‘“‘The Seat of the 
Electromotive Force in a Voltaic Cell,” the announce- 
ment of the Hall effect, and Rowland’s claim that the 
Paris standard for the ohm was not accurate. He 
notes the advanced state of development of the con- 
tinuous-current constant-potential generator in this 
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With a glorious record of tradition, ac- 
complishment, and unique service to pro- 
fession and to society; with no apparent 
causes for regrets; and with the promise 
of the future that lies in firmly planted 
ideals, the Institute may justly take for 
itself a happy celebration of its anniversary. 
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country, but states that in 
visits to many cities, he did 
not see an alternating cur- 
rent machine, although they 
were then quite common in 
England. 

Other literature of this 
time reflects the continuing 
interest in methods of meas- 
urement as related to tele- 
graph and telephone cir- 
cuits, the first appearance of direct- 
reading portable measuring instru- 
ments for continuous current lighting 
and power, and the beginnings of the 
theory of alternating current and 
auxiliary equipment. Such a narrow 
field, so few workers, such limitations 
for experimental development, well 
may serve for contrast with the wide 
complexity and extent of the develop- 
ment of the electrical art today, for 
evidence of how far we have advanced, 
and for an appreciation of the vital 
part played by the Institute. 

In one respect a fiftieth anniversary has an ad- 
vantage over the hundredth and others thereafter. 
Men are still living who are able to survey the 
entire past history and so, from personal contact and 
knowledge, are in admirable position to weigh the 
significance of the different events and personalities 
that have had an influence on subsequent develop- 
ment and present status. Many present members of 
the Institute can trace their identification to its first 
decade, and a few even to its earliest years. The 
memories of these men contain great stores of 
historic interest and value. An effort has been made 
to garner some of these stores in the series of articles 
of personal reminiscence by. past-presidents of the 
Institute, which is the chief feature of this anni- 
versary issue of ELECTRICAL ENGINEERING. These 
articles are indeed the chief feature of our celebra- 
tion in the reminders they give us of the aims and 
accomplishments of our distinguished members of 
the past. These personal reminiscences doubtless 
will revive similar ones in the memories of others. 
May I suggest to these that they make permanent 
records of such reminiscences, sending them to the 
Institute so that they may play their part in com- 
pleting the history which is in course of preparation. 

Anniversaries are commonly the occasion for 
looking backward, for a balancing of performance 
against earlier aspirations, and for a refurbishing of 
ideals for guidance in the future. Such self-exami- 
nation may leave us in serious or in happy mood ac- 
cording to the degree of excellence of the past record 
or to the promise for the years to come. It must be 
admitted, however, that in the celebrations of anni- 
versaries the happy mood usually predominates: 
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The successes are dwelt upon; the shortcomings are 
reserved for more private attention. This is as it 
should be, for inspiration, enthusiasm, and courage 
for the future spring more readily from a review 
of past achievement than of vain regrets, if any, for 
lost opportunities. 

As the American Institute of Electrical Engineers 
approaches its fiftieth anniversary, in my opinion 
it may give itself over heartily and with free con- 
science to the happiest type of celebration, for the 
Institute has remained true to its ideals, has rendered 
magnificent service, and set its professional standards 
on the highest plane. Through successive years 
those entrusted with its guidance have adhered to 
the vision of the founders that the basic purpose of 
the Institute is the advancement of the theory and 
practice of electrical engineering and of the allied 
arts and sciences. Efforts have been made from time 
to time to divert the interest of the Institute to 
commercial, political, and social problems as related 
to the electrical art, which, from their nature, are 
not subject to accurate analysis, are invariably 
controversial in character, and so tend to disrupt 


the other sounder unity of interest. The present 
strength of the Institute in my opinion is due largely 
to the firmness with which it has insisted that its 
best service and functions are in the support and 
development of the scientific basis of the electrical 
art. This is its strength and the basis of its in- 
dependence. If I were asked to name the 2 grounds 
upon which the present strength of the Institute 
exists, I would place first the record of progress as 
found in its printed pages, and second the power that 
its meetings and publications have of attracting 
aspiring young men, and maintaining their allegiance. 
Throughout its life in my observation, this appeal to 
young men has been the greatest asset of the Insti- 
tute. Beyond question this appeal is inherent in the 
Institute as the inspiration and the forum of scien- 
tific effort and progress in the electrical art. 

With a glorious record of tradition, accomplish- 
ment, and unique service to profession and to society ; 
with no apparent causes for regrets; and with the 
promise of the future that lies in firmly planted 
ideals, the Institute may justly take for itself a happy 
celebration. 


Dr. Wm. Gilberd shewing his experiments on electricity to Queen Elizabeth and her court 


A painting by Arthur Ackland Hunt, replica of that in the Town Hall 
of Colchester, England, commemorating the Three Hundredth Anni- 
versary of Dr. Gilberd’s death on the 10th of December 1903 


Bion J. Arnold, President, Amer.|.E.E. 


Presented by the Institution of Electrical Engineers to the American 
Institute of Electrical Engineers on the occasion of the International 
Electrical Congress held in St. Louis in September 1904 


Robert Kaye Gray, President, |.E.E., London 


(This is a reproduction of the painting that hangs in the Board Room at A.I.E.E. headquarters, and of the information engraved on the name plete) 


Ledy Scudamore 
end Ladies of the Court 


Sir Welter Raleigh 
Queen Elizabeth 
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Sir Francis Drake 
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(Portrait of Gilberd) 
William Gilberd, M.D, (1544-1603) 


Cecil, Lord Burleigh 
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[he Institute's First Half Century 
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By Chas. F. Scott 
President A.I.E.E. 1902-03 


HE MILESTONES, 1884 and 1934, which mark 

the first half century of the A.I.E.E., also desig- 

nate periods in our national history. The early 
30’s mark recovery from the Civil War and the de- 
ression of 1873 and also the beginning of great 
hanges in our industrial, economic, and social life 
timulated by the Centennial Exposition in 1876. 
lectricity, then a novelty, has been so influential 
1 these changes that we call this period ‘“‘The Age 
f Electricity.” Following the rapid acceleration 
ame unbalance; economic and social progress is 
ot meshing in with technical and industrial ad- 
ance, and in these early ’30’s we are pausing for 
-adjustment. 

The story of the accelerating second half of a 
Century of Progress’ and the story of electricity 
ive meaning and significance to the history of the 
.1.E.E. What part has the A.I.E.E. had in the 
evelopment of The Age of Electricity and in bring- 
ig about the new social order? 

The combined threefold story—related in detailed 
ecount of persons and machines, of inventions and 
pplications, of processes and products, of causes 
nd far reaching effects—would be an encyclopedic 
isk. Nor is the present confused situation suitable 
x the evaluation of influences and results; that 
lust await a perspective view which the future may 
veal. 

The happenings of the present are fruition of the 
1ift from adherence to traditional thought and ac- 
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Some highlights in the life of the A.I.E.E., 
its heritage, and the environment that has 
shaped its humble beginning and later tre- 
mendous growth, are outlined in this article 
by a past-president whose record of service 
to the Institute is surpassed by few, if any, 
other members. Far from being a mere 
chronological recital of events, this history 
contains personal reminiscences of many of 
the Institute’s noted personalities and of 
theirstruggles andtriumphs. Professor Scott 
says ‘‘the perusal of old-time records, the 
reading of past-presidential contributions 
of wide variety, personal reminiscing with 
old-timers and with others have awakened 
interesting recollections and have given me 
a new viewpoint and a perspective of vari- 
ous happenings; these now present a sig- 
nificance which one does not recognize 
when enmeshed in details.’’ Perhaps Pro- 
fessor Scott's contribution will do as much 
for other members of the Institute. 


tion to scientific methods and progressive change 
initiated by the scientists of former centuries. 
Slowly accumulating scientific knowledge afforded 
a basis for the inventions and engineering that pro- 
duce our present changes. Economic and social 
diagnoses of present conditions, now appearing in 
profusion, substantiate the predictions of George 
S. Morison (presidential address, American Society 
of Civil Engineers, 1895, and ‘““The New Epoch,” 
1903) that manufactured power would create far- 
reaching and continuing changes and its advent was 
the most important factor in human progress since 
the invention of written language. He foresaw 
radical readjustments throughout the whole range 
of life during coming centuries, and he indicated the 
potency of electricity in the new order. In the long 
range view, ‘““The New Deal” is a preliminary read- 
justment in ‘““The New Epoch.” 

Our present task, however, is to study the career 
of a national organization of electrical engineers 
during the past half century, to discover its contri- 
bution to the industry and to general progress, and 
to note the effects of its environment on its own de- 
velopment as an organization. 
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Our Heritage and Environment 


An institution, like a man, is the product of hered- 
ity and environment as well as individual initia- 
tive and effort. Our Institute has a notable heritage 
and a stimulating environment. 

A painting in the board of directors’ room at In- 
stitute headquarters signalizes the shift from mere 
knowledge of certain magnetic phenomena and the 
electric properties of amber to their experimental 
investigation. This painting portrays “Dr. William 
Gilberd shewing his experiments on electricity to 
Queen Elizabeth and her court”’; a reproduction of it 
may be found on p. 644, this issue. 

A recent book on the beginning of modern science 
refers to Doctor Gilbert (or Gilberd) as follows: 


“First in time among the scientists who were to usher in a new era 
was Dr. William Gilbert (1540-1603), the learned physician of 
Queen Elizabeth. His work, De Magnete Magneticisque Corporibus 
et de Magnete Tellure Physiologica Nova (London 1600), was the 
first book that contained nothing of peripatetic natural philosophy, 
did not despise observation in deference to authority, but which was 
based entirely upon experiment and showed great skill in the use of 
the experimental method in the investigation of new phenomena.” 
(‘The Role of Scientific Societies in the Seventeenth Century,” Orn- 
stein, Chicago University Press, 1928.) 


“De Magnete” came to the Institute in the 
Wheeler gift of the Latimer Clark library. It is a 
noble book, in heavy covers with gold embellish- 
ments. Concluding the title page is ANNO MDC. 
The volume is printed in Latin, in large clear type, 
and is divided into 6 books and 115 chapters on 240 
pages of over 300 words each. 

Gilbert, our electrical pioneer scientist, was suc- 
ceeded during the next half century by Galileo, Tor- 
ricelli, Pascal, Kepler, Harvey, Bacon, Descartes, 
Guericke, leaders in an “incredible revolution in 
man’s ways of thinking and doing.” 

Following Gilbert by a century and a half, Ben- 
jamin Franklin wrote to a friend in England, about 
1750, that on account of unfavorable weather he was 
temporarily discontinuing his interesting experi- 
ments with frictional electricity, expressing chagrin 
that they had produced nothing “‘of use to mankind.” 
Franklin also wrote about this time that the appli- 
cation of science to human affairs might some time 
within a thousand years lead to great changes— 
possibly in agriculture double results might be pro- 
duced with half the effort. Past-president Jewett’s 
contribution to this issue indicates how prompt 
and ample has been the fulfillment of Franklin’s 
prophecy. 


From STATIC SPARKS TO DYNAMOS 


A half century later Volta (1800) announced a 
new source of electricity. “Static” electricity with 
its instantaneous discharge in the lightning flash or 
in the spark from a Leyden jar was supplemented 
by the flowing current of a battery. Then many 
investigators of the new current—Davy, Oersted, 
Ampere, Faraday, Sturgeon, Ohm, Henry—noted 
its mechanical, magnetic, chemical, thermal, and 
luminous effects. Then followed by inventors who 
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produced the commercial telegraph, the telephone, 
electrotyping, electroplating, gas ignition, fire alarms, 
and signals; but primitive lamps and motors found 
the cost of battery current prohibitive. 

Then in 1831 came Faraday’s fundamental dis- 
covery of electromagnetic induction, which lured 
scientific and ingenious pioneers by the vision of 
superceding the battery by transmuting mechanical 
power into electricity. They were legion. Syl- 
vanus P. Thompson’s classic “Dynamo Electric 
Machinery”? names about 50 during the decades 
following 1831 whose attempts at dynamo making 
found record in print. Out of it all came a menag- 
erie of queer forms. Thompson’s treatise in the 
’80’s shows 32 forms of magnetic fields employed 
in dynamos, only a few of which suggest the circu- 
lar yoke with radial multipoles, now all but univer- 
sal. One with 2 armatures and only one field pole 
for each (not shown by Thompson) mystified the 
Electrical Conference of ’84. In the Dunham Labo- 
ratory at Yale University are pioneer machines em- 
ploying a dozen types of magnetic circuits. Never- 
theless they worked, and they ushered in the new 
era of cheap electric power. 


PHYSICAL, INTELLECTUAL, 
AND SOCIAL ENVIRONMENT 


All of this development would have been of 
little avail had there not been contemporary devel- 
opment of the steam engine. Not only were these 
engines ready for driving dynamos, but men had 
become power users; the machinery and methods 
that underlay the industrial revolution were based 
on power. So the stage was set for more power and 
better power—unfettered by the rigid limitations 
as to distance of transmission, control of speed, and 
divisibility incident to mechanical power. 

Likewise in transportation. Here the first great 
event after the prehistoric invention of the wheel 
was the locomotive, then completing a half century 
of service; but the locomotive, like the stationary 
engine, was not practicable in small units, and 
there resulted a wide gap between the horse and the 
big locomotive. Furthermore the horsecar service 
on city streets, which began about 1860, covered 
some 4,000 miles in the early ’80’s. People were 
ready for something larger and faster and more com- 
fortable. 

Likewise in lighting. The oil lamp with its smok- 
ing flame, little changed through a dozen centuries, 
had adopted whale oil, and the whaling industry 
had been closed by oil from the earth. My father 
was a college freshman when he first saw a lamp 
chimney. Coal oil (kerosene) lamps in general use 
and the open flame of gas in the cities through their: 
excellence and their limitations gave electrical in- 
ventors an inspiring vision of what might be. 

Electroplating by battery current was the door- 
way to a great field in electrochemical industry 
which cheap power could make practicable. | 

In communication, 40 years of the telegraph 
since the Morse historic message on May 24, 1844, 
and telephone service inaugurated by the opening; 
of the first commercial exchange in New Haven, 


ELECTRICAL ENGINEERING 


onn., January 28, 1878, had made the public keen 
r the improved facilities that inventors were 
riving to supply. 

The heritage from early scientific workers—the 
‘periments of Faraday and the theories of Max- 
ell—was reinforced in the ’80’s by the scientific 
en of the time. While the organizations of civil 
1d mining and mechanical engineers came largely 
om men of experience in old time professions, our 
ectrical society, with less of tradition, needed 
ence. The professors of physics were alert; 
ote those taking part in the Electrical Conference 
1 1884. Of the 12 members of the officially ap- 
ointed committee 10 were professors; about the 
ime proportion took part in the proceedings, nor 
re they all mentioned in the accompanying review 
| the conference. Among others were Prof. Cleve- 
ind Abbe of the U.S. Signal Service, Professor John 
rowbridge of Harvard University, and my own 
mer professor, T. C. Mendenhall, who signed a 
sport on atmospheric electricity. At the first 
sssion of the A.I.E.E. also the professors were quite 
1 evidence, while 5 of the Institute’s first officers 
ere designated as professors. 

These professors were not merely theorists and 
ulkers—they set about to train men. Electrical 
ngineering curricula did not originate in the estab- 
shed departments of engineering, but in depart- 
rents of physics. There they remained until, as 
rofessor Jackson points out in his accompanying 
ontribution, he, himself, initiated the electrical 
ngineering department in 1890. The transition 
t Yale was made when I went there in 1911. 
Engineering schools have had a profound influence 
n the development of the electrical profession and 
idustry. These schools, primarily civil or mining, 
umbered half a dozen in 1860 and over 4 score in 
880. Engineering graduates were appearing, sup- 
lementing the practical men in industry, and they 
ere ready to develop and adopt new methods. 
arly electrical students may have had the fortunate 
‘ientific sponsorship of departments of physics, 
ut they were primarily engineering students rather 
aan physicists. In short, the engineering school, 
etting under good headway in the early ’80’s, pre- 
ared the man-power for the professional and in- 
ustrial developments that soon followed. 


MERICAN IDEALS 


All these conditions played their part in the reali- 
ation of the American dream—the ideal of a new 
nd better way of living, a new freedom in religion 
nd government and thought, and also freedom from 
1e struggle and toil that pioneer life imposed. The 
Yeclaration of Independence opened the way to 
ne freedom, while the simultaneous appearance 
f the steam engine made the other possible. A 
entury later the dynamo arrived to make engine 
ower a hundred times more effective in relieving the 
vil and increasing the opportunities and comforts 
1at have been a vision of the American dream. 

The history of America has been largely the his- 
sry of the pioneer struggling with nature on the 
dvancing western frontier until the frontier reached 
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the Pacific just after the founding of the Institute. 
Then came new pioneers, applying science through 
engineering to conquer and control the forces of 
nature in the advance of civilization. 

Again in longer perspective: The coming of Sci- 
ence brought a shift from tradition and the old ways 
of doing things to the idea of a better way and the 
effort to find it. The new principle of progress had 
become ingrained in American thought and life; it 
dominated the spirit of the engineer who had built 
canals and railroads and mills and factories. The 
electrical engineer—obsessed with the idea that 
through discovery and invention and engineering 
application he could make electricity of continually 
greater “use to mankind’’—found himself a Pro- 
gressive in a receptive world of progress. 


From the Centennial, 1876, 
to the Founding of the Institute, 1884 


On Prof. Elihu Thompson’s 80th birthday anni- 
versary last year, I asked him just what electrical 
machinery was at the Centennial Exposition in 
Philadelphia in 1876. His face brightened and there 
was a sparkle in his eye. ‘‘Well, I'll tell you,” he 
said; “there was a Gramme machine that ran one 
arc lamp, and another Gramme machine wound for 
electroplating; and a Wallace dynamo that operated 
an arc lamp on top of the building.” (The first, I 
understand, was from France, the second was made 
by Professor Anthony of Cornell University, and the 
third was made in Ansonia, Conn.) Thomson’s 
interest in electricity was aroused and he was soon 
an electrical expert performing tests. Fifty years 
later in 1928 the Franklin Institute in Philadelphia 
celebrated the semicentennial of the first test of 
dynamo efficiency. Professor Thomson (charter 
member and past-president of the Institute) had 
made the test on a Brush machine. 

Mr. Charles F. Brush (charter member and Honor- 
ary Member of the Institute) outstanding pioneer 
in arc lighting was present and told a fascinating 
story of his early work in making dynamos and 
lamps in his machine shop. He described difficul- 
ties of various kinds, particularly with insulation 
and in getting 2 lamps to operate on the same cir- 
cuit. Professor Thomson then told of the test and 
pointed, it seemed to me with affectionate regard, 
to the exact location of apparatus in the same room 
in which he was speaking. Mr. E. W. Rice (past- 
president of the Institute) who had aided Professor 
Thomson also spoke. These men, pioneers at the 
beginning of the new industry, were all in fine 
health and vigor. 

By 1884 there were arc lamps in the streets of 
many cities and towns, representing various “‘sys- 
tems’’—Brush. Thomson-Houston, and _ others. 
Each are machine supplied its own circuit of, say, 10 
or 25 or more lamps connected in series, usually tak- 
ing 10 amperes. 

As the are light was too intense for general use 
indoors, the great problem of those days was the 
“subdivision of the electric light.’’ Edison, intent 
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on independent switching, like turning gas on and 
off, developed a fine filament which would take but 
a small current and thus involve small expense for 
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Some Well Known Signatures 


Among the 21 signatures appearing above are those of 5 living 

charter members, 3 of whom became officers, and the signatures 

of 5 other past officers, together with a few of the prominent 

signers of the original “‘call’’ for the organization meeting of 
May 13, 1884 
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conducting wires. The largest dynamo at that 
time suitable for contant voltage would supply only 
25 16-candle power lamps. Hence not only lamps 
but conducting circuits and dynamos had to be de- 
veloped for the opening of the Pearl Street Station 
in New York City—great because of incandescent 
lighting, but even greater as a means of distributing 
electric power and making energy a common com- 
modity. On September 4, 1932, I heard over the 
radio the celebration of the 50th anniversary of the 
opening of the Pearl Street Station, partly from 
New York and partly from Mr. Ford’s Edison 
Museum at Dearborn, Mich., where the original 
engineer started one of the original engines and 
Jumbo dynamos. 


ELECTRICAL PIONEERS 


Electric cars were being undertaken by Edison, 
Field, Daft, Van Depoele, Bentley-Knight, Henry, 
Sprague, and others. It was the day of individual- 
ism; the ideal of each was in general a complete self- 
contained system. There were workers also with 
storage batteries and with electroplating. In the 
older groups new telegraph systems were being de- 
vised and telephones were extending. There were 
secrecy and rivalry and competition. 

The age-long fascination of electricity intensified 
as the new dynamo, a source of cheap electric energy, 
“made it of use to mankind.’ Edison from teleg- 
raphy, Brush from the machine shop, Thomson and 
Houston, teachers of science, Keith from chemistry, 
Sperry from his freshman year at Cornell, Sprague 
from the Naval Academy, Weston from electro- 
plating, Bell, a worker for the deaf, are typical of 
these pioneers. 

Professors of physics took interest in the new de- 
velopments. Investors and promoters were alert. 
All of these groups of ingenious, inventive, resource- 
ful yet heterogeneous workers, some concerned with 
the older “‘small’”’ currents and others with the new 
“heavy” currents, had a common bond—electricity. 


ENGINEERS ORGANIZE; A.I.E.E. BEGINNINGS 


In the early ’80’s there was a shift among engineers 
from individualism to group organization: witness 
the Engineers Society of Western Pennsylvania, 
1880; The American Society of Mechanical Engi- 
neers, 1880; the American Water Works Associa-— 
tion, 1881; the New York Electrical Society, 1881; 
a reorganization forming the Western Society of. 
Engineers, 1882; the Association of Railway Tele- | 
graph Superintendents, 1882; the American Street 
Railway Association, 1882 (later the American Street 
and Interurban Railway Association); the Civil | 
Engineers Society of Connecticut, 1884; the Na- 
tional Electric Light Association, 1885; the Asso- 
ciation of Edison IMluminating Companies, 1885. 

Electrical engineers were in condition favoring ; 
crystallization, which was precipitated by the an- 
nouncement of the International Electrical Ex- 
hibition, sponsored by the Franklin Institute, to | 
be held in Philadelphia in the fall of 1884. I well, 
remember when Secretary Pope introduced me to | 
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Doctor Keith, a chemist, as the founder of our In- 
stitute. He was of medium stature, quiet and 
pleasant, and his advancing age was apparent. He 
initiated a call in April 1884 for a meeting of elec- 
trical men. The call and the original signatures 
hang in the Institute parlor. Among the signers 
were T. A. Edison, and 7 who became presidents: 
Norvin Green, F. L. Pope, T. C. Martin, Edward 
Weston, Elihu Thomson, E. J. Houston, and C. O. 
Mailloux; also George A. Hamilton who was treas- 
urer for 35 years. Following a preliminary meeting 
April 15, a committee worked out a scheme of organi- 
zation. On May 13, 1884, the rules proposed were 
adopted, officers were elected, and the American In- 
stitute of Electrical Engineers was formed. The 
next event was the Philadelphia meeting, September- 
October, 1884. 

The telegraph industry contributed the first presi- 
dent and over half of the vice-presidents and mana- 
gers on the first council (see article in this issue by 
Donald MeNicol). Those who entered the new 
electric light and power field were young men. In 
1915 I compared the ages of the preceding 12 presi- 
dents of several national societies. The average 
age of the civil engineering presidents was 60, of 
the mechanicals 57, while that of the electricals was 
44. Only 1 of the electricals’ presidents was over 
47, and only 2 of the other presidents were under 
50. My own age at the time of my presidency, 38, 
was less than any other in these groups. T. C. 
Martin was less than 38 when he became president. 


Tue A.LE.E. PROSPECTUS, APRIL 1884 


| The circular issued in April by Doctor Keith, 
which received many signatures and initiated the 
Institute, reveals that the initial ideas of plan and 
scope were quite broad. The whole 7 paragraphs 
are well worth perusal. The essentials are these: 
_ “The rapidly growing art of producing and utilizing electricity 
has no assistance from any American national scientific society.”’ 

The American civil, mechanical, and mining engineering societies 
_ are prosperous and of advantage to their members. 

Foreign visitors to the International Exhibition to be held during 
| the coming autumn should be received by a national electrical so- 
ciety. 

It is proposed to follow the model of existing engineering societies 
whose ‘‘members assemble, read, and discuss papers and matters 
| relating to their trades or professions and at the same time enjoy 

pleasant personal and social intercourse, all of which is conducive to 
_ improvement and advancement in ideas, theories, practice, business, 
' and good fellowship.”’ 
| “Persons who are interested in our electrical scientific educational, 
| manufacturing, telegraphic, telephonic, and like concerns as well as 
| the users of electrical appliances generally, will find it to their ad- 
vantage, personally and collectively, to establish, work for, and 
| generally aid our proposed society.” 

“It is proposed to make electrical engineers, electricians, instruc- 
tors in schools and colleges, inventors, and manufacturers of elec- 
trical apparatus, officers of telegraph, telephone, electric light, bur- 
glar alarm, district messenger, electric time, and of all companies 
based upon electrical inventions as well as all who are inclined to 
support the organization for the common interest, eligible to member- 
ship.”’ 

Publication of ‘‘papers, discussions, and transactions and affilia- 

/ tions with sister societies, a museum, library, original research, pro- 
/ tection from unfavorable legislation, settlement of disputed elec- 
| trical questions, exchange of transactions with other societies, a 
| journal of abstracts of papers read before other societies or published 
jin other journals, etc., etc., are all proposed.” 
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This indicates cosmopolitan eligibility as it in- 
cludes those who are ‘‘inclined to support.” The 
ample list of proposed activities inspires admiration 
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Some Well Known Signatures 


Among the 24 signatures appearing above are those of a living 

charter member and past officer, the signatures of 12 other past 

officers, and some of the prominent signers of the original 
“call” for the organization meeting of May 13, 1884 
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of the vision of a future that might require a double 
“etc.’’ While the first paragraph calls for a scien- 
tific society, the idea of pure science is considerably 
diluted in the list of proposed interests. 

The early record says the document was signed 
by ‘“‘electricians, capitalists, and others connected 
with electrical enterprises or interested in the ad- 
vancement of electrical science.’’ Presumably en- 
gineers were included under either “‘electricians,”’ 
or ‘“‘others.”’ 


ORIGINAL RULES ADOPTED May 138, 1884 


The propagandic call sold the idea, and the ob- 
jects and membership are defined more conserva- 
tively in the Rules adopted at the organization 
meeting, the first portion of which is as follows: 


“The objects of the American Institute of Electrical Engineers 
are to promote the Arts and Sciences connected with the production 
and utilization of electricity, and the welfare of those employed in 
these industries; by means of meeting for social intercourse, the 
reading and discussion of professional papers, and the circulation, 
by means of publications among its members and associates, of the 
information thus obtained.” 

“The Institute shall consist of Members, Honorary Members, and 
Associates. Members and Honorary Members shall be professional 
electrical engineers and electricians. Associates shall include 
persons practically and officially engaged in electrical enterprises, 
and all suitable persons desirous of being connected with the In- 
stitute, and duly elected as hereinafter provided....” 


State of the Electrical Art in 1884 


Three events give snapshot pictures of conditions 
in the electrical world when the Institute began. 
They were an Electrical Exhibition held at Phila- 
delphia in September and October 1884; a 6-day 
Conference of Electricians at the Exhibition during 
the first month, and the first technical session of the 
newly formed American Institute of Electrical En- 
gineers during the second month. What was ob- 
served at the Exhibition and summaries of the 2 
technical meetings throw light on the state of the 
art and afford interesting views of personalities. 


ELECTRICAL EXHIBITION 


At the Electrical Exhibition conducted by the 
Franklin Institute in Philadelphia during September 
and October 1884, a receptive college student was 
in charge of an exhibit. What he saw he recorded 
in the accompanying contribution of Past-President 
D. C. Jackson. Particularly striking was the at- 
tempt of Brush to make his arc light high voltage 
circuit operate incandescent lamps and appliances 
in the home. Notes of the Exhibition also are made 
by past-presidents Sprague and Rice. 

The Exposition is summarized in an editorial in 
The Electrical World, October 11, 1884. The fact 
that N. S. Keith, the founder of the Institute, was 
associate technical editor, and that he participated 
in both of the technical meetings held at the Expo- 
sition, gives a clue to authorship of the editorial 
which follows in slightly condensed form. 


650 50th ANNIVERSARY NUMBER ELECTRICAL ENGINEERING / 


i 


“THE CLOSE OF THE EXHIBITION” 


«'_ . It was fortunate that a body like the Franklin Institute 
should be found ready to plan and carry out an exhibition for this 
country, and electricity as a science and art owes a debt to the Insti- 
tute for the prominence that has been givenit.... 

«One valuable feature of the Exhibition has been the assem- 
blage within its walls of large numbers of the leading scientific men of 
this country and Europe, members of the various learned societies. 
The meetings of the American Association for the Advancement of 
Science, of the National Conference of Electricians, of the American 
Institute of Electrical Engineers, of the Telephone Convention and 
of the Association of Railway Telegraph Superintendents, have been 
highly important and interesting, and electricians have separated 
after them feeling that they know a good deal more of each other and 
of the science to which all are devoting their lives. We esteem it no 
small thing that on a common platform the best electricians of the 
two hemispheres have met and exchanged notes and opinions, and 
have learned to entertain for one another higher feelings of respect 
and admiration. 

“The Franklin Institute, adhering to a time-honored policy, has 
endeavored to make the exhibition distinctly educational in charac- 
ter. Here again it has succeeded. Even admitting the complaint 
of a few that the public school pupil scheme was a little overdone, 
and that exhibitors would have been pleased with the attendance of 
fewer sweet girl graduates and rivals of Peck’s bad boy, the fact 
remains that thousands of people, young and old, have made their 
first direct acquaintance with electrical principles and apparatus 
through the Exhibition, and have acquired a thirst that they will 
never lose for knowledge on the subject. The great sale of the elec- 
trical primers shows how eager the public is to master the science for 
itself. 

“Though the Exhibition did not present to notice many very great 
novelties, it was a good, representative collection of apparatus and 
instruments new and old, and will take its place with the Exhibitions 
of Paris, Vienna, Munich, and London. It has not been without a_ 
stimulus to inventors, and no doubt many developments will date 
back to Philadelphia 1884. An inventor will sometimes work on 
languidly, trifling, and dallying with an idea that, insignificant as it 
may seem, is full of potency. Suddenly, as at the Philadelphia Ex- 
hibition he realizes that other minds besides his are exploring along 
the line on which he believed himself to be a solitary traveler; and 
the mere knowledge that other men see something in the distance, in 
that direction, too, is one of the sharpest spurs his inventive genius 
can be prodded with. Moreover, as the inventor looks on the old 
homely electromagnets of Prof. Henry or on the early telephones of 
Bell and others, or on Morse’s first telegraphic instruments, or on the 
old Wallace dynamo machines, and then looks around on the 2,500 
exhibits representing the electrical inventions and industries of today 
in which hundreds of millions of dollars are invested, he derives a 
stimulus of another kind. If fame and the desire to be first at the 
goal cannot bring him more quickly along the road, there is the in- 
ducement of solid wealth. 

“The Exhibition closed today, but its effects and results will be 
experienced through many years.”’ 


At the head of the editorial section of the same 
issue is printed in bold face type: 


This paper is printed on a Cottrell press, by a Daft 
electric motor, at the International Electrical Ex- 
position, Philadelphia. 

On the same page is reference to a controversy 
among certain newspapers as to which should have 
credit (during the early part of 1884) for the first — 
electric motor-driven presses. Another item, in | 
the issue of November 8, 1884, which is significant | 
because it received neither emphasis nor comment, . 
is titled ‘“‘Long-Distance Electric Lighting.” It : 
is copied from the London Electrician and described | 
tests at the Turin Exhibition of a 25-mile trans- : 
mission by alternate current produced by a “‘Sie- 
mens dynamo machine, of the 30 horse-power type.”’ 
Gaulard and Gibbs secondary generators were em- 
ployed in several localities for supplying lamps of : 
various kinds. (The primary coils of the secondary | 
generators or transformers were connected in series.) | 


Conference of Electricians, September 1884 


The National Conference of Electricians held 
September 8 to 13, 1884 in Philadelphia gives us a 
snapshot of electrical history in the month preced- 
ing the first technical meeting of the A.I.E.E. 
Papers were read and discussed and recommenda- 
tions were made. 

The National Conference of Electricians was con- 
ducted by a scientific commission appointed by the 
President of the United States. Professor Henry A. 
Rowland, physicist of John Hopkins University was 
chairman. Several representatives from England 
were in attendance. A report of nearly 200 pages 
was printed as ‘Ex. Doc. No. 45, 49th Congress, Ist 
Session” (It is now out of print.) It is included in 
Volume 1 of “The Executive Documents of the 
Senate of the United States for the First Session of 
the Forty Ninth Congress.’’ The report of the con- 
ference was printed in current issues of The Electrical 
World. 

Professor Rowland gave an interesting historical 
scientific résumé. In it he signalized Franklin’s 
ability in connecting isolated observations into 
theory, such as that of positive and negative electric- 
ity equal in amount; he invented charge and dis- 
charge by cascade; he showed that it was the glass 
and not the coating of a Leyden jar that contained 
the charge. Professor Rowland concluded by say- 
ing ‘“‘Let physical laboratories arise...let technical 
schools also be founded.... It is not telegraph opera- 
tors but electrical engineers that the future demands.” 

In his remarks as vice-president of the conference 
Sir William Thomson (Lord Kelvin, Honorary 
member of the Institute) stressed the importance of 
an international system of electrical measurement 
and the laying out of international standards. He 
commended the twofold object of the conference— 
promoting the useful applications of science to the 
ordinary wants of man and giving character and 
vigor to the investigator. 


THe DyNAMO ELECTRIC MACHINE 


Atmospheric electricity, standards of electrical 
quantities and of light, and the establishment of a 
national bureau of physical standards were discussed. 
Regarding the latter Doctor Keith, initiator of the 
Institute said: ‘‘The time is coming, as Sir William 
Thomson has so happily suggested, when house to 
house lighting and utilization of electric energy is 
to become extensive. Meters have been devised and 
will be devised to measure this electrical energy, 
hence the necessity of a bureau of standards to be 
utilized by the various cities in making a determina- 
tion of the meters we shall be obliged to use.” A 
committee was appointed to represent the confer- 
ence before Congress in relation to the establishing 
of the bureau. 

“The Theory of the Dynamo Electric Machine,” 
before the principles of the magnetic circuit were 
recognized, was an excursion into a fog. Various 
types of magnets for 2-pole dynamos are shown in 
half a dozen figures. In the discussion we find this: 
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“Mr. Elihu Thomson: I have been at work on 
dynamo machines for a long time and my experience 
teaches me that some of the statements brought for- 
ward are not correct.” He then specified half a 
dozen points. 

Professor Rowland, who had opened the sym- 
posium, introduced the next session thus: ‘I am 
very glad to see the matter taken up in this spirit 
and to have my principles intelligently criticized.” 
The discussion relates very largely to the magnetic 
field—its form, shape, size, material, and the 
characteristics of hollow and of concentric cores. 
One paragraph begins: ‘‘Professor Elihu Thomson: 
I do not agree that those induced currents can be 
abolished by dividing up the cores.’’ Professor 
Sylvanus P. Thompson brings up many controversial 
points. Others participating were Professor Fitz- 
gerald of Dublin, Mr. Keith, Professor George Forbes 
of London, Professor Anthony of Cornell, and Pro- 
fessor Nipher of St. Louis. The latter in dealing 
with ‘“‘The Electric Transmission of Energy”’ on the 
following day discussed motor characteristics. If 
this be included in the discussion of dynamo-electric 
machines this topic occupies over 25 per cent of the 
technical record. Here was controversy as to the 
relations of theory and practice, but much of the 
discussion seemed to be based on the cut and try 
method. 


STORAGE BATTERIES 


Regarding “Storage Batteries’ Mr. W. H. Preece 
(head of the British Postal Telegraph, later Sir 
William Preece, Honorary Member of the Institute) 
who had been called on somewhat unexpectedly, 
said ‘“‘Mr. Edison himself has declared that this 
question of storage batteries has the most remarkable 
power of developing man’s latent capacity for lying. 
(Laughter.) I very much agree with Mr. Edison’s 
definition, for I think there has been more lying, 
more swindling, and more rascality over this ques- 
tion of storage batteries than over any other depart- 
ment of electrical science.’”’ So one may note that a 
half century has produced not only chemical and 
mechanical but moral development as well. 

Mr. Preece said incidentally that secondary bat- 
teries (he disliked “‘storage’’) furnished electric light 
in the (British) post office, also in his own house, 
“where a gas engine works a Gramme dynamo which 
gives me 42 volts and 52 amperes... when my gardner 
comes on duty in the morning he lights the gas and 
charges the battery... I have at my bedside a most 
charming mellow light, with no smoke, no wick, no 
heat, by merely turning a tap. I have never had 
any bother except when the gardner put his foot on 
the wrong place and the head of the gas engine came 
down on it and he had to lose 4 toes. Their removal 
reminds him of the danger of electric lighting. 
(Laughter.)’’ Within a few months of this time a 
student at Ohio State University while starting the 
new gas engine electric plant lost a toe by similar 
accident. 

The Otto engine ran a 3-light Thomson-Houston 
arc machine and a 15-light Edison dynamo in the 
physics laboratory at the university. 


Mr. F. J. Sprague remarked ‘‘With a gas engine 
there is difficulty in starting. A person has to put 
his foot on the flywheel and pull it around before he 
can get it started. If he simply uses a secondary 
battery he can light his gas engine and it will start 
ahead all right.’”’ Mr. Preece feeling sympathy for 
the battery commented “I look upon the employ- 
ment of a battery for any such purpose as simply 
barbarous.” Little did he foresee that the greatest 
use of the battery would be for that purpose. 

Others discussing batteries included Professor 
Carhart (of Carhart standard cell fame) Mr. Keith, 
Professor Thomson, Professor Houston, Lieutenant 
Jewell, Professor James Dewar of Cambridge, Eng- 
land, Professor Rowland, Mr. Koegh, and Professor 
Forbes. The discussion covers nearly as many pages 
as that on dynamo-electric machines. 


TELEPHONES 
AND OTHER TOPICS 


A symposium on “Induction in Telephone Wires, 
Long Distance Telephoning, and Underground 
Wires,” was opened by Mr. T. D. Lockwood, of the 
Bell System with some general observations: 
“Twenty years since, when electricity was a mere 
branch of physical science—when we referred to the 
telegraph in its several forms, to electrolysis in its 
applications to electrotyping and plating, and to the 
miscellaneous practical operations of gas lighting, 
burglar and fire alarms, and to electro-therapeutics, 
we have substantially scanned the electrical field of 
that day.” He reported that ‘““An Essay on Elec- 
tricity’ written in 1792 contained the expression 
“As electricity is in its infancy,....”’ 

Mr. Lockwood discusses various items of interest, 
among them the use of a complete metallic circuit 
instead of the then commonly used ground return: 
“It is probable that for such persons as desire to 
communicate frequently between distant cities loop 
lines will be built, adapted to form extension of the 
trunk metallic circuits.” 

Other subjects discussed were ‘The Electrical 
Investigation of the Physical Qualities of Structural 
Materials” (fatigue) by Captain O. E. Michaelis; 
“Measurement of Large Currents’ by Mr. Keith; 
“Applications of Electricity to Military and Mining 
Engineering’ by Captain Jewell; and “Lightning 
Protection” (primarily of buildings) by professors 
Rowland and Houston. 

In concluding the Conference Mr. Alexander 
Graham Bell moved a vote of thanks ‘“‘to our dis- 
tinguished vice-president, Sir William Thomson, and 
to the other distinguished electricians from abroad”’ 
for coming and participating. Mr. Keith announced 
the formation of the A.I.E.E. and its coming session. 

Mr. Preece spoke of the pleasure the visitors had 
experienced in becoming personally acquainted with 
their professional friends: ‘I have noticed a slight 
tendency to consider criticism as personal and un- 
necessary, and the debate has at times been a little 
warm, but personal meetings of this kind entirely 
eradicate that feeling.” 

On motion of Professor Simon Newcomb by whom 
the conference had been opened, it adjourned. 
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The Institute Papers at the First Session, 1884 


‘“‘Notes on Phenomena in Incandescent Lamps,” 
by Professor Edwin J. Houston (Illustrated) the first 
title at the initial technical meeting of the Institute 
in October 1884 does not sound at all startling, nor 
do the initial sentences, “I have not prepared a 
paper, but merely wish to call your attention to a 
matter I presume you have all seen and puzzled 
over. Indeed I wish to bring it before the Society 
for the purpose of having you puzzle over it. I refer 
to the peculiar high vacuum phenomena observed 
by Mr. Edison in some of his incandescent lamps.” 
Later Professor Houston remarks: “I believe we 
shall find the preceding phenomena worth looking 
into. For my own part I am somewhat inclined 
to believe that we may possibly have here a new 
source of electrical excitement.’’ And so our Insti- 
tute, concerned primarily with the new ways of pro- 
ducing and using electric power, viewed a new puzzle, 
little dreaming what it might portend. (See p. 654.) 

Last September from a meeting of the New York 
Electrical Society an address by Dr. C. H. Sharp 
was broadcast on ‘“‘Edison’s radio tube of 1883.” 
The high spots are as follows: 

In investigating the blackening of lamps Mr. Edison introduced a 


wire between the legs of the lamp filament and brought out a third 
terminal. He found that if this third wire were connected through a 


galvanometer to the positive leg of the filament a current flowed _ 


between the filament and the wire. 

Professor J. A. Fleming next carried out a systematic investigation 
of the effect; and as a result produced the Fleming valve, the first 
device purposely made as a radio detector dependent upon elec- 
tronic action. Doctor Lee DeForest took the next step by intro- 
ducing the principle of the control of the flight of the electrons by 
means of an auxiliary electrode, a stroke of genius which elicited 
admiration of Mr. Edison. Thus the modern radio tube was 
evolved from the ‘‘Edison effect” lamps of 1883. 


At the conclusion of Doctor Sharp’s address a 
replica of the original ‘“‘tube’’ was employed and 
demonstrated as part of a receiving set. 

Thus the Institute, born under the quickening im- 
pulses of the new era of “engineering electricity,” 
presented in the first paragraph of its first paper 
a puzzling observation—the Edison effect—which 
through the Fleming valve and DeForest’s audion 
later ushered in another era, that of electronics. 


‘“‘UNDERGROUND WIRES’’ AND OTHER TOPICS 


“Underground Wires,” the second paper, by W. M. 
Callender of the Callender Company, stated that 
such wires were in satisfactory use for telegraph, 
telephone, and incandescent lighting, but as to are 
lighting “‘the feelings of the light companies toward 
the underground question is one of great caution and 
unbelief’’—feelings based upon sad experience. Vul- 
canized bitumen which receives ‘‘a peculiar secret 
treatment” is stated to have proved satisfactory in 
Callender wire in English use—‘‘a fortunate circum- 
stance as the American public are clamoring for the 
removal of the unsightly poles which disfigure their 
streets.’ Mr. W. H. Preece said that underground 
wires in England “‘is a problem that has been solved” 


and pointed out various differences between con- 


ditions in the 2 countries. 
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“Synchronism” (accomplished by the Delany 
synchronous-multiplex system of telegraphy) was 
presented by Professor Houston. 

“The Scientific City Street’’ was described by R. R. 
Hazard, president, Gramme Co. A frontispiece shows 
a cross section of Broadway, New York City, with 
4 tunnels for trains under the street and spaces 
under the sidewalks for pipes and wires. Such a 
scheme was said to be possible since electricity (in- 
stead of steam locomotives) is “entirely within the 
present resources of the art.”’ 

“An Experimental Method of Studying the Dy- 
namo Machine’ was presented by Professor C. F. 
Brackett of Princeton. “Its principal feature con- 
sists in the use of an exploring coil to determine the 
relative value of any point of the magnetic field in 
which the armature revolves.” 

In another paper, carrying the title ‘‘Earthwires; 
or, the Earth as an Electric Circuit Completer,”’ 
Thos. D. Lockwood, electrician, American Bell Tele- 
phone Company, presents a historical account fol- 
lowed by descriptions of earthing devices. He had 
been “‘long impressed with the preéminent impor- 
tance of the subject.”’ 

“Telegraphing without Wires—An Experiment,”’ 
by S. J. M. Bear, was not our “wireless,’’ but a 
scheme in which the 2 terminals of the sending circuit 
(battery and key) were connected respectively to a 
copper earth-plate and a zinc earth-plate emersed 
a little way apart on one side of a tub of water, while 
the relay was connected to a copper earth-plate and 
a copper plate emersed in a porous cup containing 
sulphate of copper, near the other side of the tub. 

“Chemistry of the Carbon Filament,” by Edward 
P. Thompson, M. E., is a technical paper, but con- 
tains this interesting information: ‘The principal 
lamps now being largely manufactured and repre- 
sented at the Exhibition, and in which the filaments 
differ from one another by distinct chemical re- 
actions which take place in their manufacture, are 
the Edison, the Swan, the Weston, and the Stanley 
and Thompson lamps.” In the discussion Mr. Keith 
suggested that several gentlemen connected with 
various companies say something about their proces- 
ses but got very little response. 

“Depositing-Vats in ‘Series’”’ for electroplating 
was stated by Mr. H. B. Slater to be simply a de- 
scriptive paper presented by request. In discussion 
of that paper is found: “Mr. Keith: As our honor- 
able guest, Mr. Preece, has said to me, “This is your 
hobby,’ I may be supposed to say something. I 
have a paper prepared on this subject embracing the 
laws which govern it and some remarks as to...the 
production of pure metals... I have investigated it 
extensively since 1876.” Mr. E. A. Sperry partici- 
pated in the discussion. 


THE PATENT OFFICE 


“The Patent Office: Its Relation to Inventors 
and Its Needs,” is longer and provoked more dis- 
cussion than other papers, although ‘it was only upon 
Saturday last” that it had been requested. It is by 
Mr. C. J. Kintner, chief examiner of the Class of 
electricity in the U. S. Patent Office. He depicts 
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the significance of invention, and ‘“‘how the tele- 
graph, the telephone, the railroad, and thousands 
of other inventions have increased a thousandfold 
the field of labor.’’ He outlines the organization and 
procedure in the Patent Office with its total force of 
550. He indicates inadequacy and proposes remedies 
which inventors and business interests concerned 
with inventions should bring about. This first re- 
quest to the new Institute met response in later 
years through American Engineering Council, which 
among other things protested against a proposed re- 
duction in patent office salaries that would have 
dispersed experienced personnel and also aided in a 
revision of patent office procedures by adding the 
engineering to the legal viewpoint. 

Six months earlier at the Institute’s organization 
meeting, May 13, 1884, a letter from Mr. Kintner 
was received setting forth the inadequacy of his 
facilities for meeting the demands. Following are 
some of the items relative to his electrical division: 


“Cases awaiting action, 374; force, 8 assistants and 2 clerks. 

“This division embraces electrical appliances pure and simple, and 
has grown in 4 years so far as to include over 6,000 patents. 

“Prior to July 1, 1880, there were less than 2,000 patents which 
disclosed any electrical appliance or apparatus whatever. Since 
that time, the rapid advance made in telephony, telegraphy, electric 
lighting appliances, dynamo machines, etc., has placed the division 
foremost in the arts... . 

“The rooms are badly ventilated... In my own room there is no 
gas and I am obliged to use kerosene oil which vitiates the atmos- 
phere.”’ 


What are the present activities of the Patent Office, 
which recently moved into new quarters, for com- 
parison with those of 50 years ago? A request for 
such information brought the following reply from 
the Commissioner of Patents: 


Dear Mr. Scott: 

In the succeeding paragraphs I am giving you the facts you re- 
quested in your letter of February 16, 1934, already acknowledged: 

Nine divisions of the Patent Office are devoted exclusively to elec- 
trical classes. These are Divisions 16, 26, 37, 42, 48, 51, 54, 60, and 
65. An aggregate of 84 examiners is employed in these divisions. 
The electrical divisions are on the average about 3 months behind 
current dates. As of January 27, 1934, the number of cases await- 
ing action was 5,643. 

The following classes are directed entirely to inventions in various 
branches of electricity, but they are not, of course, completely com- 
prehensive in that respect: 


Class No. of Patents 

1B ce, CIECEENC RUN CES ant aparmmeteterate referer etete cela aris Greve) sss. -bannta) syage 1,932 
VSG)... eBALCELLeS shone ceatie Cee nA MAE GS Stic. 3 otis ar aol fe Mepaiere »,110 
171. 43 Blectricity: Genera tionie wee. <ccts sis'eas ve neale me 12,665 
17222 Blectrictty, MOVE POW ei rnin 25 0S sehania boars aie alee 9,367 
I73s.5 s Bleetriciby, Conductors cs cae 6+ 610 2s ne po eae eae 10,300 
1740, oblectrcity:,, NMedical’ G: Surcicaly...c. meme aan eumeriel eee 1,397 
175....Electricity, General Applications................00.> 11,206 
TOs pHAeCtEe oa MIDS tevtc os. ctrives vis eh ty hoa eR Sa Rater ng Gee gs 5,452 
U7  ICCERIO Sl OMAN ote. a ora ie alert eonvain what» wc Ins 8,113 
LSet elevrapny ccs sana ta, aa ses enone wile eieue > we ee 0 Reet erets 5,487 
LO orteek CLEP LLOMY ist ences tore re ole Bennie, s (a) am aloe sre OF aap a 15,849 
191... .Electricity, Transmission’to Vehicles...........es00s 5,731 
200... .Electricity, Circuit Makers and Breakers............. 17,941 
501... .esistances and Rhedstats........0..-0080ts000>.0 semen 2,238 
DOE 2) = DlECtroCnenmstry sty o<.4/0 6 2 /6ie 0121 6ie) 5,018) allele: vinta 5,471 
910." Blectric Beating. ck, vase c5 xis s.0 56 oss oes oie wo 8,398 
047... «. blectrical Conduits: & Housings. +... > ds. .se5 scene 2,709 
250.6, Radiant BAGrg ys icacse + oss sie 0 cites eon eI CRE 6,980 
990... .entne Mover Dynamo Plants. i555: ds os ss 10 sieniatele sie 1,652 
105....Railway Rolling Stock, Electric locomotives.......... 456 
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Many other classes, such as Class 246, Railway Switches and Sig- 
nals, 16,481 patents; Class 161, Time Controlling Mechanism, 
1,672 patents; and Class 240, Illumination, 16,533 patents, include 
a very large percentage of patents having electrical features therein. 
These classes cannot, however, be regarded as strictly electrical. 
Through all the classes in the Office the use of electrical devices 
and mechanisms and processes, in combination with and in the 
art, machine, or process where they occur, is claimed. 

Many of the patents in the various classes date back a century or 
more. Some of the older of these patents are instanced below: 


= = 


Class Patent Class Patent 
No. No. Year No. No. Year 
PROG Se Mei ini as 3 eeeeie 93-2 1869 UZ Gx re ec OMeOO. «cite ee eee 1858 
OO Lee entac evace Costs ws des 1881 ZO TOG SS iii ceerendenc etme 1858 
De ee ie eae A ae ee 1882 Devinn  MOZQi aren. cues a ties. Goss ahene 1840 
136 QU Dee hea te casas e ole Hse 1842 AS TS sea We, Chatient cca eee 1845 
Fe ie OARS EE ERO TOT 1843 A OGL Se dees hats 1846 
ed OOM aa ains dots Gosh cae ve 1847 DSc LAOS Cae ee Gat shea Nun ee ee 1840 
ilval LON arnt cia ose aris AG 1843 BAB Bs ianc.aveket ian ene oteae amen 1846 
Ded SOG ese aicasre se shave 1848 AFAG A ics cos cet neat horas 1846 
DEY Gs 2 Sie ee 1853 Od 2 gaeysc eames eens 1848 
WORE SRA eile cases ie Gi ckenoes 1837 LTO aed OB FOO essed. okie \ elie 1870 
SUG Rrctiete lee areal nareraces 1838 PUA AG Oncor ooo er ee 1876 
ON Oye a ova erer ne Mice 1838 9G 38 Cane. ties seins eee 1877 
173 TFOOG: Piven haces. Cas, ene eas, sees 1839 191 BY Dy a Ce an ae ON 1859 
PEO OGM s Lae ietaniishe tere. 1841 USS IS (Ar ences ee os os Glee 1876 
DD SAY emu hs Co ee alae 1841 252 OS wane ant Shoe amare 1882 
AES Zann tecrs Blerocereten le ae 1846 200 Ce ieee oa RPO 1850 
DD SSO ee dronttet Aa ead eee 1848 i: Sr fil Ieee ene Ree eR 1856 
174...D. Harrington. .July 22, 1833 201 DAS S Ptoes eA) .ctp EPO Ea a 1859 
D. Harrington. .Jan. 27, 1834 IPDS Sy Gate tat a Nea eer ae ars Far 1871 
D. Harrington..Mar. 31, 1835 DOA OOM apr eben is tae ee ae 1843 
BUG Gi eae atsteversus 845 5).955-< 1845 BIO Or inkide earedutissnataraee 1844 
ANT OhaemPertea a nase sis Cotes 1845 AMOS rece a oe eter eeage 1845 
Piha mes cdl Oo eee vale e 1843 DL OHA MAR DSA ware ment our 1865 
OBO Gets Satis ee oe ee has 1848 83,006.50 Seta ae 1869 
MEAD Oren eee Po uci anys 1850 ROWE OD:Pi.cavererp an otha tate 1871 
A OCLC Meets (016. ce sakes 8 1850 247 FR RU SR ee ede OS Se F 1867 
Sie ee aie etre ryan eae 1852 Lo eo A Re ear ie ret Sarees 1869 


I trust the foregoing will suffice for your purpose... . 
Conway P. CoE 
Commissioner 


This quantitative expansion and qualitative classi- 
fication give a revealing picture of the state of elec- 
trical development today; more than justifying en- 
ergetic Kintner’s prediction in 1884 that we were 
then ‘‘on the verge of a wave of progress such as was 
never before known to the civilized world.” 


A.I.E.E. TRANSACTIONS, VOLUME I 


TRANSACTIONS of the American Institute of Elec- 
trical Engineers, Volume I, May 1884—October 
1884 contains a historical preface relative to organi- 
zation matters, and a general statement regarding 
the Philadelphia Meeting, September—October 1884. 
Rooms at the International Electrical Exposition 
had been kept open by Mr. Keith, secretary, from 
September 2 to October 11 which “were visited by a 
great many members of the Institute and by several 
foreign electricians. On October 7 and 8 a meeting 
was held ... where the papers forming part of this 
volume were read and discussed... . (Owing to ill 
health, Mr. C. O. Mailloux has not been able to 
prepare for publication in this volume his paper on 
‘Exploring the Field of the Dynamo-Electric Ma- 
chine’).”” Eleven papers are printed in this volume, 
including, in addition to those discussed at the 
Philadelphia meeting, a paper ‘‘The Delany Syn- 
chronous-Multiplex System of Telegraphy’’ supple- 
menting Professor Houston’s paper on Synchronism.”’ 


654 


50th ANNIVERSARY NUMBER 


A paper read before the American Institute of Electrical 
Engineers, at Philadelphia, October, 1884. 


NOTES ON PHENOMENA IN INCANDESCENT LAMPS. 


BY PROF. EDWIN J. HOUSTON. 


Prof. Houston :—I have not prepared a paper, but merely wish 
to call your attention to a matter which, I suppose, you have all 
seen and puzzled over. Indeed, I wish to bring it before the 
society for the purpose of having you puzzle over it. I refer to 
the peculiar high vacuum phenomena observed by Mr. Edison 
in some of his incandescent lamps. I have in my hand an 
Edison incandescent lamp, having the same vacuum as the 
ordinary incandescent lamp. This one, however, has, in addition 
to the carbon filament, a platinum plate, or strip, that is thoroughly 
insulated from the filament, and supported in the manner seen 
between the two branches of the filament, as shown in Fig. 1. 


Fig. 1. 


An Edison carbon filament, c, ¢, is placed inside an inclosing 
glass case in the usua] manner, A strip of platinum fojl, p, is 
supported as shown inside the loop. The binding posts, P and N, 


Page 1 of the first technical paper published in volume | of 
the A.1.E.E. TRANSACTIONS (see p. 652, column 2) 


Reading, Discussion, and 


Publication of Papers, 1884-1900 


The reading and discussion of papers and _ their 
publication, supplemented by social meetings were 
the prescribed means by which the Institute was to 
accomplish its objects. For nearly 2 decades meet- 
ings and papers constituted nearly the whole of 
Institute activities. A new attitude toward elec- 
trical problems then was inaugurated which will be 
considered later. 

The Philadelphia meeting was followed by annual 
meetings in New York. Then ‘‘the importance of the 
various electrical problems which are continually be- 
ing brought to public notice’’ led to the holding of 
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monthly meetings in New York for ‘‘the discussion 
of current topics.” The first was held June 8, 1886, 
preceded by an informal dinner. The subject of 
discussion was “Incandescent Lighting From Central 
Stations.”’ These meetings continued (except dur- 
ing the summer months) until 1918. In March 
1894 simultaneous monthly meetings were in- 
augurated in Chicago, the same paper being read 
and discussed in the 2 cities. General meetings last- 
ing several days were held regularly each year. As 
“the national character of the Institute showed the 
desirability of holding meetings in different parts of 
the country” the general meeting in 1890 was held 
in Boston, and in subsequent years in various places. 

To secure “recognition for the important researches 
of Americans”’ the Institute participated in the Inter- 
national Electrical Congress at Paris in 1889. 

Apparently the first constructive technical under- 
taking was the appointment of a committee in 1889 
to formulate ‘“‘a standard wiring table for light and 
power purposes.’’ The report was discussed during 
the following year, and was approved and ‘‘entered 
into engineering practice.”” (See p. 677.) 

In 1891 5 delegates attended the Frankfort Inter- 
national Congress and recommended among other 
things the adoption of the “henry” as “‘the name for 
the practical unit of induction.’ It also invited 
the congress to meet in Chicago at the coming 
World’s Fair, which was held in 1893. The tech- 
nical recommendations were not acted on at Frank- 
fort. 

The Institute sponsored the International Elec- 
trical Congress in 1893, and established headquarters 
in the Electricity Building. The register recorded 
612 visitors. Shortly afterward 117 were added to 
Institute enrolment which could largely be traced 
to the headquarters at the fair. A report on the 
congress, a volume of nearly 500 pages covering the 
proceedings of both the official and the general cham- 
bers, was issued by the Institute. 


THE INSTITUTE’S First DECADE 


The tenth anniversay of the Institute in 1894 was 
celebrated at the general meeting of 4 days in 
Philadelphia. President Houston’s inaugural ad- 
dress was entitled ‘‘Progress of the American Insti- 
tute of Electrical Engineers.’”’ The following is a 
condensed version: 


The Centennial Exposition of 1876 had soon broadcast the germs 
of public interest in electricity. From 1876 to 1884 work in the 
electrical field was of pioneering nature and of independent character. 
Each investigator trod the path of discovery alone, often uncon- 
scious of the existence of fellow investigators. The time had come 
for ‘congregation as opposed to segregation.’’ The exhibits at the 
1884 Exposition were a revelation to the hitherto independent 
workers. The National Conference of Electricians brought pro- 
fessors and investigators in the physical laboratories into contact 
with inventors and actual workers in the commercial electrical field; 
but the awakening due to exhibitions and conferences should be sur- 
passed by that of an organized society. 

The nature of the influence of the Institute may be noted in a 
review of its 10-year history (1884-94). The work of its members 
includes invention, commercial applications, and research in many 
fields. As a body it made valuable contribution to the Chicago 
Electrical Congress (notably in scientific standardization) in 1893. 
It has provisionally adopted names for units and struggled with the 
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definition of “inductance.” Parallel with the Institute the electrical 
press has been a p-tent factor. England, France, and Germany, as 
well as this country, owe much of their electrical progress to their na- 
tional electrical organizations. 

Advantages of membership are cited. ‘Proud of the progress 
shown”’ a plea is made for support of a central, organized body de- 
riving authority from a membership extending over the entire 
country. (Membership 890; annual income and expense, just 
over $10,000 each. Standing committees: papers, meetings, and 
editing; library; finance, building, and permanent quarters; units 
and standards; membership.) 


UNDERWRITERS RULES 


In 1896 a delegate was appointed to a ‘‘National 
Conference on Standard Electrical Rules.”” The 
delegate, Professor F. B. Crocker was made president 
of the conference. Presumably, this was the first 
participation of the Institute with other national 
groups. “‘Underwriters Rules’’ were sponsored by 
many national organizations which finally resulted 
in the “National Electrical Code.” It was my 
privilege as an unofficial delegate from a manufactur- 
ing company to attend this conference. Nearly a 
decade earlier I had been a wireman at a time when 
underwriter’s wire was a matter of course, when 
rosettes and switch bases and fuse blocks for bare 
lead fuses were all made of wood, both for lamp 
circuits and for 1,100-volt station service. I could 
appreciate the importance of the conference and the 
significance of a serious joint effort of underwriters, 
architects, builders, and engineering societies to se- 
cure safety and excellence. 

In 1899 the Institute took action on a practical 
matter by recommending “‘the grounding of one 
wire of every low potential consumption circuit.” 


STANDARDIZATION 


On January 26, 1898, a topical discussion was held 
on “‘The Standardizing of Generators, Motors, and 
Transformers.”’ This was an occasion of peculiar 
significance. It was the first important practical 
engineering problem taken up for extended dis- 
cussion and continued consideration (unless the 
adoption of the wire table 8 years earlier be an ex- 
ception). The complexity of the problem, the 
number participating in the discussion, the distinc- 
tion of the committee appointed and the excellence 
of the ‘“‘Report of the Committee on Standardiza- 
tion,’ accepted June 28, 1899, all make a splendid 
record; but that was only the beginning of a new 
chapter in the story of standards, told elsewhere in 
this issue by past-presidents Kennelly and Skinner. 

The report of the standardization committee dif- 
fered from a ‘“‘paper’”’ as it was not passively pre- 
sented by a member, but was actively undertaken 
and prepared by a committee. The attitude of the 
committee was not that of research seeking some- 
thing new, but rather of the judge, who considers 
various definitions and methods of test and current 
practices to decide what is best for adoption. Some 
years later when I was a member of the committee 
and we were revising the report, a table of standard 
voltages was being drafted. We selected from those 
in use the particular values that seemed to make the 
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best sequence. But when we reached 66,000 volts 
objection was raised by Steinmetz to going further 
because it was beyond current practice. I ventured 
to suggest that if we recommended certain voltages 
in the higher range they might be selected, for prac- 
tice and confusion avoided. The suggestion was 
accepted. This incident indicates the initial prin- 
ciple of crystallizing current practice rather than 
seeking something different or new. 

The preceding account of early Institute activities 
is based upon the historical sketch of the origin and 
work of the Institute by Secretary Pope, which ap- 
pears in the 1900 Institute Handbook. Prominence 
is given here to activities other than the presentation 
of the papers, which are preserved in nearly a score 
of volumes. There is a development seen in the 
monthly meetings in New York and in the Chicago 
meetings, in the itinerancy of general meetings after 
the first few years, in the participation in inter- 
national congresses, in the participation by invi- 
tation in the preparation of the “National Electrical 
Code,”’ and in standardization, both in the wiring 
table and in the Report of 1899. 

In Mr. Pope’s history I find no mention of other 
engineering societies or relations with them, except 
the courtesy through which early meetings were 
held in the house of the American Society of Civil 
Engineers and later ones at 12 West 31st Street, 
New York, in the house of The American Society of 
Mechanical Engineers. 


Steinmetz, President 1901-02 


At the 1894 (tenth anniversary) meeting there 
was a discussion relative to the magnetic field in 
induction motors. As I recall, it was rather des- 
ultory and was dragging a bit. Then a distinct, 
resonant voice amply loud from a corner of the large 
room, shielded from my view by a pillar, gave a 
comprehensive summary statement of the whole 
subject. Then the phenomena in certain particular 
cases was stated, including the effect of the third 
harmonic in 2-phase motors and in 3-phase motors. 
The treatment was as complete and the language as 
perfect as if the speaker were reading from an article 
prepared for the ‘Encyclopedia Britannica.” It 
was Steinmetz talking extempore. (As my recol- 
lection does not tally with the printed record, I assume 
that it was condensed before publication.) This 
was my first contact with him, although I knew him 
by reputation through his law of hysteresis and his 
great paper on complex quantities presented at 
Chicago which has become a basic method in alter- 
nating current representation and calculation. 

In 1901 Steinmetz became president. A picture 
is impressed on my memory. A waiting group in the 
secretary’s office: Steinmetz enters with an apolo- 
getic smile—his train was late. He takes his seat 
and receives from Secretary Pope items for the after- 
noon. As he calls names of committees the reports 
are made. Later, on the “elevated” going uptown 
from Liberty Street, Steinmetz sits next to Calvin 
W. Rice, of the meetings committee, who takes notes 
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as the president talks. ‘Now I think this subject 
is of sufficient importance to be considered at a 
future meeting and some of the best men to take 
part are so and so.’”’ The sequel comes a month or 
2 later. 

After dining together at a restaurant; the attrac- 
tive feature of the day for an out-of-town member, 
we assemble at 12 West 31st Street. There are in- 
formal social greetings, then Steinmetz opens the 
meeting with a comprehensive, concise, perspective 
résumé of the topic of the evening with his char- 
acteristic encylcopedic perfection. Several members 
then read short papers presenting various points 
of view on an important and live topic. General 
discussion follows. These meetings augmented in- 
terest, attendance, and membership, and gave the 
Institute new life. 


Sections; Technical Committees; Branches 


A steering committee asked me to be Steinmetz’s 
successor as president of the Institute. I acquiesced 
with some misgivings as the alternatives seemed to be 
to continue if possible on the same level or to slump; 
but I had not counted on the aid and support that 
others might give. 

Steinmetz as president had developed the New 
York monthly meetings. What was there left to 
do? I noted that my associates in Pittsburgh who 
had not attended the Institute meetings had no real 
appreciation of what was going on and no particular 
interest in Institute affairs. What could be done 
to extend interest geographically—to members in 
Colorado and California? Possibly some type of 
discussion by correspondence might be devised. 

Shortly afterward Secretary Pope said that I 
undoubtedly would be elected and he had a sug- 
gestion—one long cherished and oft repeated with- 
out result. Local meetings were being held in 
Chicago, why not in many other places also? I 
said it was a fine idea, a means for doing nationally 
what had been so successful locally in New York. 
I asked him to work out a plan and we would put 
it through. 


HIGH VOLTAGE TRANSMISSION COMMITTEE 


I recently wrote to Past-President Mershon say- 
ing that I regretted that he was not contributing 
to this anniversary issue of ELECTRICAL ENGINEER- 
ING and suggesting that he write about the trans- 
mission committee. His reply explained why he did 
not feel able to comply, and continued as follows: 


Miami, Florida, March 6, 1934 
My dear Scott: 

....But I will tell you my recollection of the genesis of the trans- 
mission cominittee. 

You were president-elect of the Institute. You asked various 
persons for criticisms and suggestions for betterment. I was one 
of those asked, One of the reasons you asked me was, I think, that 
I had been criticizing the Institute for some time. On your request 
I amplified my criticisms and made some suggestions. One sugges- 
tion was that of special committees to handle special lines of work. 
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One of the lines of work I suggested as of pressing importance 
-was high voltage transmission. 

On becoming president, you arranged for a high voltage transmis- 
sion committee. That was the first committee of the kind, and, I 
think, the only one for some years. You appointed me chairman 
of the committee. I remember that the manner of appointment was 
such as to imply, to me, at least, perhaps due to a guilty conscience 
on my part—‘‘Now, you think you are so smart, let’s see what you 
can do.” I accepted the appointment and the challenge. You let 
me pick my committee members, and that helped a lot. 

The meetings of the transmission committee were a success from 
the start. They were better attended than the other Institute meet- 
ings. This was due in large part to the fact that we had real dis- 
cussions. I deliberately adopted the policy of getting discussions 
rather than papers. The papers I called ‘Introduction to Discus- 
sion.”” They were short and to the point and provocative of dis- 
cussion. A man will often let slip out in discussion what he will not 
put into a paper. The crowd, even those not especially interested 
in the particular subject, likes a good knock down and drag out— 
figuratively speaking—fight and that was what they got at the 
transmission meetings. So they always came back for more. 

One evidence of the success of the transmission committee meet- 
ings is that the McGraw-Hill Publishing Company obtained from 
the Institute the right to publish the introduction to discussion and 
the discussions thereon in a separate volume which they sold as one 
of their technical publications. Later on, I think, they put out an 
additional volume covering the further work of the committee. 
This was the first time—and so far as I know the only one—that 
anything of this sort happened. 

I picked the best authorities in the Institute to write the intro- 
ductions to discussion. That meant the busiest men. And no 
matter how busy a man might be, I never had a refusal to my re- 
quest. This was due in part to the fact that the introductions were 
short. They usually dealt with a limited portion of some particular 
phase of transmission. But it was undoubtedly due in part to the 
fact that a man who wrote an introduction knew the lines would 
be laid for a vigorous discussion and a full meeting, which would be 
advertising of the best sort for the author and his particular line of 
work. 

As to the postscript to your letter, I cannot say. But there is no 
doubt, I think, that the work of the transmission committee had a 
large part in the development you mention. 

With best regards, 
Sincerely, 
Ralph D. Mershon 


My postscript asked whether he agreed with a 
member who said that the present technical com- 
mittees were the direct outgrowth of the transmission 
committee. 

My own recollection of the early conversation is 
definite, but differs in detail from Mershon’s. What 
I think I said was ‘‘What is the function of the 
Institute, what ought it to do?” He replied “I 
think that long distance transmission has reached 
a stage which justifies the appointment of a special 
committee for its consideration.”’ It flashed through 
my mind that this was something new; commit- 
tees did not make such studies. I also recalled that 
data from transmission companies were about to be 
collected by P. M. Lincoln who had just come from 
the Niagara Falls Power Company to the Westing- 
house technical staff; but I replied at once, “Tf 
such a committee is authorized, will you be chair- 
man?’ 

Now, I do not recall the criticisms of which he 
speaks. The probability is that he did make them, 
he usually did. I knew him pretty well—we roomed 
together in the Amber Club at Pittsburgh, of which 
Lewis B. Stillwell and Calvert Townley were pioneer 
members. So I knew Mershon’s ability and per- 
tinacity, and also his fine streak of pessimism which 
made him so interesting; but I confess I had never 
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suspected the “guilty conscience’’—that’s a new idea. 
I note also that he himself may let slip out in a letter 
“what he will not put in a paper.” 

He did a fine piece of constructive work with 
the high voltage transmission committee, of which 
Lincoln of Westinghouse and Blackwell of General 
Electric were 2 of the members. 


CENSUS CURVES AND STUDENT BRANCHES 


When president-elect, I asked T. C. Martin what 
the Institute ought to be and to do. He was a 
past-president, editor of Electrical World, and as a 
special agent of the U.S. Census was just complet- 
ing the first census report on the electrical industry 
(1902). He said ‘I don’t know what the electrical 
industry is going to be in the future, but in the past 
it has been doubling every 5 years.”’ I was stunned; 
how could we use twice as much electric power, 
and so soon! The original Niagara Falls power 
houses were being completed, the elevated railway 
in New York was electrified, the subway was soon 
to start, the public utilities were putting in big 
generators; but if the curve were to continue up, 
where were the men to come from to operate the 
accelerating industry—men competent to meet the 
exacting and increasing responsibilities of electric 
service—more men, better men. I had taken it for 
granted that the Institute was to promote the arts 
and sciences related to the utilization of electricity 
by adding to knowledge through papers, by their 
discussion and publication. Here was a new need— 
men. Should not the Institute develop men as well 
as ideas? I had been interested in the training of 
college graduates for one company. Here was a 
universal need for better graduates. The future 
men of the industry were in the colleges being 
trained in theory. Why should not the Institute 
give them an insight into the problems and practices 
of the profession, without waiting for a sudden 
plunge from theory to practice on graduation? So 
I asked several of my professor friends; they agreed; 
Professor Ryan at Cornell wrote (condensed) ‘“‘Bully 
idea; we've already started.” 

And that is the way the Institute entered a new 
field, as an educational agency in the colleges. 


LOOKING BACKWARD 


And now when I see a “‘mountain peak” curve of 
billions of kilowatthours, I look for the 1902 column—- 
if happily the curve goes back that far. I find that 
the 1907 ordinate is actually twice as high as 1902; 
1912, 4 times; 1917, 8 times; (then the interval for 
doubling changes from 5 years to 7 years) 1924, 
16 times; 1931, 32 times—that is where the curve 
would have been if we had plotted ahead in 1929; 
but after a point about 25 times the 1902 unit was 
reached in 1929 the curve was depressed by the 
depression. It receded to approximately its value 
about 2 years earlier and then began to climb again. 

Thus Martin’s rate of growth based upon progress 
in the ’90’s, when output was less than 4 per cent of 
recent values, held true for about a quarter century 
after 1902. When the output doubles every 5 years 
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the total energy during a 5-year period equals the 
total during all preceding periods. During the 6 
years 1924-29 the electric energy used for promoting 
prosperity was equal to the total consumption dur- 
ing the preceding 40 years. 

This geometric rate leads to other interesting con- 
clusions if it be taken as the general law of unim- 
peded progress. It is a common sport to quote 
those of the olden times who comment on past 
progress. The late John R. Freeman relates that the 
eminent engineer under whom he began to »vork in 
the ’60’s said that the previous 50 years of his life 
had witnessed the most marvelous advance in all 
history (it included the locomotive and the tele- 
graph). He was right; for looking back a half 
century from any point on our geometric curve of 
progress, the ratio of increase is the same. But the 
old engineer did not stop with the retrospective 
view; he added “‘and there surely will never be an- 
other such 50 years!’ He died happy—without 
knowing his indiscretion in making such a predic- 
tion. Our predecessors in the fall of 1884, who com- 
mented on the marvelous development of electricity 
in their past, may have observed the same ratio of 
advance which thrills us in viewing our own past. 

In my reconnaissance of Institute possibilities, 
other members commented on the value of papers 
and discussions, and one emphasized a high profes- 
sional standard among members. My 3 planks in 
a progressive platform came, however, from the 
snapshot conversations with Pope, Mershon, and 
Martin; they were Sections, a technical committee, 
student Branches—concerned with expansion of 
organization to augment the old time presentation 
and discussion of papers, the inauguration of group 
technical activities, and the launching of an edu- 
cational program. 


“Proposed Developments 


of the Institute’”—1903 


The first meeting of the board over which I pre- 
sided as president was called for 2 o’clock instead of 
3 in order that the plans I had been making might be 
reviewed and discussed; but there was so much 
talk about the routine reports of committees, which 
I was unable to accelerate, that 6 o’clock came and a 
proposition to adjourn. I remonstrated and in- 
sisted upon 5 minutes for considering future plans. 
Happily I had written a single page letter to the 
board saying that the incoming president proposed 
certain plans which could be put into effect if cer- 
tain new committees were appointed; then followed 
a list of half a dozen with their functions. Some 
one moved the appointments recommended; the 
motion was carried and we went to dinner. It 
seems to be the mob psychology of councils and 
conferences that more can be accomplished in final 
minutes than preceding hours. At the evening 
meeting I read a sort of inaugural address on ‘‘Pro- 
posed Developments of the Institute’’ which gave a 
survey of the Institute and electrical activities in 
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general, and elaborated the objectives for which com- 
mittees had been authorized. 

The transmission committee soon launched a no- 
table career which already has been described. 


How SECTIONS AND BRANCHES STARTED: 


The committee on local organizations among mem- 
bers and among students had as chairman Calvin 
W. Rice. He undertook to prepare a statement 
with rules for oganization and procedure; but he 
didn’t have it ready, so I undertook to show him 
how on the evening before copy for the October an- 
nouncement had to be ready. Until midnight we 
simply devised questions without getting answers. 
What should be the Institute regulations and the 
local by-laws? What headquarters supervision and 
what the local authority? Should Institute papers 
be presented locally or should there be local papers, 
and what should be their status? Finances—should 
there be dues? Every situation that we thought of 
ended in interrogation mark. The student enter- 
prise was even more difficult to precrystallize. One 
alternative was to take months to make by-laws; 
the other was to start. So we asked members to 
get together in various places and start meetings, 
we asked professors to have student meetings; and 
they did. Years later the experiences gained were 
a basis for by-laws. We did not know then what 
I discovered very recently that 2 pages of fine print 
rules for local meetings had been established many 
years earlier, and it was lucky we didn’t for active 
effort to meet varying conditions is better than 
passive compliance with preconceived and restrictive 
rules. 


CLASSES OF MEMBERSHIP 


There was a committee on membership It was 
not functioning well and I found it wasn’t sure about 
the propriety and dignity of really asking people to 
join a professional society. I replied “‘Make the 
Associate grade inclusive and the Member grade 
exclusive.”’ The committee succeeded in continu- 
ing the upward trend that Steinmetz had given to 
the membership curve. 

Type of membership presents a problem. In the 
summer of 1902 I asked Stillwell as to Institute 
policies and activities. He replied that a high 
professional status of members should be sought. 
Years later I reminded him of this and said my policy 
had been to bring in large numbers of young men. 
In the meantime he had been president and I asked 
him what he had observed as the effect of the ex- 
pansive policy. He replied ‘‘They’ll grow.” 

There was also a committee of older members 
commissioned to note whether groups with special 
interests were in danger of flocking by themselves 
instead of remaining within the Institute organi- 
zation. There was a feeling that the Electro- 
chemical Society might have been organized as a 
group within the Institute had its policies been 
broader. The committee found nothing to recom- 
mend. <A few years later the Illuminating Engineer- 
ing Society organized about the time the tungsten 
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lamp_appeared, and again there was regret that it 
had not been organized within the Institute. Later 
the radio engineers organized their own institute. 
Now it is our habit to form a new organization when 
a group of enthusiastic specialists want to get to- 
gether. It is said that some civil engineers resented 
the separate organization of the mechanical engineers 
in 1880. The electrical engineers organized 4 years 
later ignoring the fact that Dewey’s ‘‘Index’’ makes 
electrical engineering a subheading under mechanical. 
We delight in organizing and in exercising group 
individualism. Have not the electrochemical and 
the illumination groups done far better as independ- 
ents? After all most of the technical content of each 
is nonelectrical. There are, on the other hand, ad- 
vantages in general codrdination of electrical groups. 


DEVELOPMENTS Not THEN PROPOSED 


I note that the “proposed developments’’ of 
September 1902 included (1) larger membership, (2) 
more papers and discussions, (3) local Sections, (4) 
student Branches, (5) collection of data, (6) support 
of Library, (7) permanent quarters for the Institute 
and (8) codperation with foreign electrical societies. 
(I had been abroad during the preceding summer.) 
Although there is no suggestion of a Union Engineer- 
ing Building or of codperation with sister engineering 
societies, these ideas quickly evolved. 


Engineering Societies Building, 1902-07 


In October the building committee invited me to a 
dinner meeting at the apartment of the chairman, 
Calvin W. Rice. This committee previously had 
made regular monthly reports, somewhat to the 
effect, as I recall, that they had about $5,000 and 
that a certain estate might possibly contribute 
$10,000 more; but the committee was persistent 
and undaunted. 

The afternoon before I started to New York for 
the committee dinner I talked matters over with 
Walter M. McFarland, officer of my company, who 
was experienced in engineering society affairs— 
principally mechanical and naval. I asked him 
whether a large building for the 4 principal societies 
was not feasible, sketching a plan which showed 4 
independent entrances and offices, a common audi- 
torium in the rear and library above. He said it was 
sensible and should be carried out. 

After the dinner it was stated that there were 2 
questions, first whether the set of plans showing a 
$50,000 building should be selected or the one on a 
$200,000 basis; and second, where to get the money. 
There was free discussion on the first point; but little 
was said on the second. Then I suggested a larger 
building for the 4 societies and cited the John Fritz 
dinner at the founding of the medal a few months 
earlier as a joint activity that showed what engineers 
could do when they acted together. Two societies 
had buildings, one of which was a reconstructed 
residence, and the other 2 societies had downtown 
office building headquarters. They were scattered 
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in location and in activities; but my air castle was 
greeted with silence. I said more and was then told 
that the societies simply wouldn’t pull together, 
‘theoretically it is all right, but practically it won’t 
work.” (Friend Martin told me afterward that he 
added “‘unless there is some outstanding induce- 
ment.”) I said that if it was all right theoretically 
it was good enough for me to talk about. So the 
ee adjourned without choosing plans or finding 
unds. 

A little later I was invited as president of the 
Institute to speak at the 25th anniversary of the 


Looking Ahead in 1902 


“Tn the vision of the future may we not discern a reflec- 
tion of the John Fritz Medal in the larger life of the 20th 
century engineer? Methinks I see in that reflection the 
outlines of a magnificent building, the Capitol of American 
Engineering. Into this home, situated in the metropolis 
of the nation, are gathered the great engineering societies 
from their scattered lodgings. Here is a great technical 
library; here are ample assembly halls and comfortable 
parlors; here are the headquarters of a score of lesser 
societies restricted in their scope but affiliated in their 
work. I see all over the country innumerable local socie- 
ties and engineering clubs, no longer isolated but joined 
together into one great combination. I see them affiliated 
with the national bodies of the several professions—some- 
times as local chapters—altogether constituting one great 
union. There is individual freedom but general codpera- 
tion. Representing all the engineering professions and 
supported by the great union of the national engineering 
societies, J see an engineering congress giving to engineers 
a rank consistent with the importance of their work, and 
increasing the efficiency of the inter-relations among its 
members. An eminent body, it is powerful in advancing 
the common interests of engineers, and it represents the 
engineering profession in its relation to other professions, 
to pure science, to education, to legislation, to public 
improvements, and to the general welfare.” 


From “The Engineer of the Twentieth Century’’ by Chas. F. Scott, 
published in A.I.E.E. Trans., v. 20, 1902, p. 305. 


Engineers’ Club of Philadelphia on the topic ‘“The 
Engineer of the Twentieth Century.” I anticipated 
a simple task in assembling some plausible platitudes, 
but as I began to write the theme developed. I 
found that the great discovery of the Nineteenth 
Century was codperation, made possible by the 
engineer; that he was an essential factor in our new 
industrial and economic life; that engineers them- 
selves did not codperate; they had created great 
wealth, but did not have a home; I pictured them in 
a fine ‘“‘Capitol of Engineering,” active in individual 
professions, but joined in a congress of engineers for 
the public interest. 

Friend Eglin told me afterward that the electrical 
president had been invited on his assurances as there 
had been a question about putting an unknown 
youngster on a program where the veterans Haswell 
(of handbook fame) and John Fritz were honor guests 
and its opening speaker Rear Admiral Melville 
followed by others of well-known repute. He held 
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his breath when my imagination took flight in 
regions of the palpably impossible, if not absurd. 
The real value of the event, however, was that my 
earlier suggestion had become a definite ideal. 


CARNEGIE UNDERWRITES ENGINEERING BUILDING 


Two months later came the annual dinner of the 
Institute. Under the chairmanship of Martin it 
was to be a library dinner. Mr. Carnegie, donor of 
libraries, who had made a contribution to our library 
was sought as guest of 
honor. He declined; again 
he declined; and again; 
but the seventh invitation 
was availing. No wonder 
that he dubbed Martin 
“the irrepressible.” It was 
a pleasant dinner; the 
guest was in happy mood. 
Martin, toastmaster, was 
at his best—he hoped that 
there might be more in 
store for the library. I, 
too, had some bait; I spoke 
of engineers and codpera- 
tion and a building as a 
means of cooperation, and 
I thanked our guest, patron 
of libraries, for what he 
had already done for us; I 
planned no embarrass- 
ment, but pictured pleas- 
ant possibilities. In re- 
sponse the “Iron Mas- 
ter’ chatted about many 
things and extolled co- 
operation as a great prin- 
ciple in which America led 
Europe. The full record 
is in the TRANSACTIONS. 

The next morning Mr. 


Rice, coplanner with 
Martin, known of the 
Carnegie household and 


escort of Mrs. Carnegie to 
the dinner, telephoned me that Mr. Carnegie 
wanted us to meet him at his home at 5 o’clock. 
We were there. Presently he said he was inter- 
ested in what had been said about a building the 
evening before, and wanted to know our plans. 
We said we had none—there was nothing on which 
to base them. As we sat together on the big sofa, he 
between us, he said he thought that we 3 Pitts- 
burghers might talk it over together. (Rice then 
lived in the “Smoky City’’); and so we did. For- 
tunately my colleague knew much more than I about 
the societies and their resources and Mr. Carnegie’s 
attitudes. At the end of the hour he bid us counsel 
quietly with a few others and come back when our 
plans were worked out, and he politely intimated 
twice more that we had better not come again until 
we had the plans. 

That occurred on Tuesday afternoon. On the 
following Saturday on returning from golf he found 
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a group of engineers in his library, among them old 
friends such as John Fritz and Charles Kirchhoff. 
After friendly greetings he said: ‘“‘Why, gentlemen, 
this is very pleasant, but I didn’t expect you until 
you had your plans.” ‘We have them’ was the 
reply—they were on a single typewritten sheet. I 
recall only the last line “$1,200,000.” There was 
discussion and explanation and then a lull. Pres- 
ently, he asked ‘“‘What is to prevent closing this up 
now?” There being no objection he went to his 
writing desk and with the ease with which he might 


have penned a letter of © 


introduction he wrote and 
read to us with evident 
pleasure our $1,000,000 
valentine (it was Febru- 
ary 14, 1903). When he 
came to the words “‘Say, 
one million dollars” his eye 
twinkled and he moved his 
hand up and down adding 
‘“‘more or less.”’ 


BUILDING PLANS 
DEVELOPED 


Things moved fairly 
smoothly. Committees de- 
veloped building plans and 
legal procedure by which 
several societies could own 
and operate a building. 
On one occasion when I 
arrived in New York, how- 
ever, I was warned that 
the ‘“‘union building’’ idea 
was not progressing well 
as the secret ary of the 
American Institute of Min- 
ing Engineers, as well as 
one of our own members, 
were not in line. I had 
never met Secretary Ray- 
mond, but found him in an 
office building down on 
John Street, where his own 
desk and that of an assistant together with several 
rooms containing the Institute library constituted 
the headquarters. He said he understood there was 
to be an amalgamation of libraries in the proposed 
building and explained how in a simple way his own 
competent librarian was making their own library 
useful to their scattered members. When I explained 
that the whole library arrangement would be left for 
determination as the several societies might desire he 
was quite satisfied and expressed much interest in the 
common building plan. He was a fine man, fas- 
cinating in conversation, and profoundly devoted to 
the upbuilding of the mining institute, of which he 
had been secretary since 1884. In the lobby of the 
Engineering Societies Building is a life sized bas-relief 


presented by his friends bearing the inscription | 
“Rossiter Worthington Raymond, Engineer, Editor, | 
Leader, A Founder of the American Institute of | 


Mining and Metallurgical Engineers.” 
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On inquiry I found that our own disaffected 
member was Mr. J. J. Carty, leading and influential, 
chairman of the Institute finance committee while I 
was president. I had known him well, but never so 
intimately as when we talked about the building. 
He foresaw a great future for electrical engineering; 
he was devoted to the Institute; his ideal was a great 
electrical building. When I said that such a plan 
would have to start de novo, as I was sure that Mr. 
Carnegie would not switch 
from the codperative idea 
to a building for a single 
society, he said “‘all right 
then, we'll go ahead.” 

The following winter the 
American Society of Civil 
Engineers voted not to 
join in accepting the gift. 
We feared that the gift, 
inspired by the idea of co- 
operation, was lost; but 
we fortified ourselves and 
went again to 91st Street 
and 5th Avenue. The 
facts were stated. With 
evident disappointment 
equal to our own he said 
“Then we can’t go ahead, 
can we?’ Then we pre- . 
sented letters from many 
smaller engineering and 
scientific societies asking 
for quarters in the pro- 
posed building. ‘Then 
they can take the place of 
the ‘civils’ and we can go 
ahead.” His smile re- 
turned. On March 14, 
1904, he wrote a new 
letter addressed to 3 so- 
cieties and the Engineers’ 
Club increasing the gift to 
$1,500,000; building plans 
had developed that called 
for that amount. 

Three years later, in 
April 1907, the Engineering 
Societies Building having 
been built “within the 
appropriation” was dedicated in the presence of Mr. 
Carnegie. About the same time the adjoining new 
Engineers’ Club was opened. The mining and 
mechanical and electrical societies occupied their 
respective floors, other groups additional floors and 
the 3 libraries were placed together on the 13th 
floor. From this eminence one could see both rivers; 
looking south the first high building was the Waldorf- 
Astoria Hotel of about 14 floors (where is now the 
Empire State Building) while to the north the only 
high standing edifice was the 7imes Tower. 

There were 3 libraries. Just as confluent rivers 
of different color may flow together for miles un- 
mixed, so these libraries occupied their separate 
alcoves and were presided over by their original 
individual librarians for several years. Then came 


May 1934 


Carnegie’s gift to the engineering societies 


50th ANNIVERSARY NUMBER 


the joint engineering library, administered for wide- 
spread usefulness. This is an excellent example of 
the practical and psychological difficulties as well 
as the advantages of their shift from individual to 
common action. 

There was serious question in the minds of some 
whether the 3 younger and more democratic societies 
could carry through the building enterprise, paying 
for the land and meeting operating expense, and on 
the other hand create a 
professional standard ap- 
propriate to the profession; 
but they did. Rice and 
Martin, his successor, as 
chairmen of the building 
fund committee raised the 
nearly $200,000 which was 
the A.I.E.E. allotment for 
purchase of the land and 
the Engineering Societies 
Building soon came to be 
recognized as engineering 
headquarters, often by re- 
ceiving foreign visitors. 
In joint American activi- 
ties the civil engineers 
often participated. 

Fortunately the princi- 
ple proposed by an early 
member of the joint build- 
ing committee had been 
followed and no action had 
been taken that would 
prevent or embarrass the 
entrance of the American 
Society of Civil Engineers 
should they subsequently 
decide to join the ‘‘Founder 
Societies.” Finally, in 
1917, they removed from 
their comfortable house 
on 57th Street and came to 
39th Street, contributing 
for and taking quarters 
in additional stories built 
for them above the Li- 
brary. 

The story of the ‘‘Union 
Engineering Building’’ as 
it was termed in a pamphlet in May 1903, had an 
early chapter as well as the final one related in the 
preceding paragraphs. The ever alert Martin, who 
was assistant secretary during the Institute’s first 
year reported a building for scientific and artistic 
societies as an important need. Later there was a 
specific and impelling reason why the building com- 
mittee of 1901 was so persistent, a reason I did not 
know until the union project was well along. Mr. 
Dunn in his contribution to this issue describes how 
Dr. S. S. Wheeler purchased in England the Latimer 
Clark library of electrical books and presented it to 
the Institute in 1901. I understood that this was a 
small collection of very old and rare books. In 
fact, however, it included practically all electrical 
books up to the early years of the Institute. Two 
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large volumes were necessary to catalogue it, the 
cost of which was covered by Mr. Carnegie’s early 
contribution of nearly $7,000. (Mr. Carnegie 
matched Dr. Wheeler’s investment in the Latimer 
Clark library.) For this the Institute did Mr. 
Carnegie honor at the Library Dinner, although the 
catalogue itself was not completed until years later. 
In the deed of gift of the Latimer Clark library to 
the Institute there was a condition that the Institute 
should provide a fireproof building for it within a 
certain period. That was the reason why Martin 
and Rice and Weaver were so tenacious in their 
quest for a building. The project of an electrical 
society building had been earlier presented to Mr. 
Carnegie, as related by Mr. Dunn, but it was on too 
small a scale to interest him. However, the idea of 
a building ‘‘for you all,’ which would bring together 
the various technical societies adjacent to the social 
Engineers’ Club, did meet with his sanction. 

Years afterward one who had been closely asso- 
ciated with Mr. Carnegie personally and in the han- 
dling of his benefactions said, ‘““That was the most 
successful of Mr. Carnegie’s gifts.” 


Relations With Other Engineering Societies 


The Engineering Societies Building had a signifi- 
cance larger than simply society headquarters and 
library. Mr. Ambrose Swasey in 1914 consulted 
with some members of the engineering societies to 
determine the type of trusteeship that might be 
established to administer a fund for engineering he 
purposed to establish. When he asked my views I 
related an incident that had occurred about 10 years 
earlier. I was with Charles Wallace Hunt, past- 
president A.S.M.E., and member of our building 
committee. We were in his library on the heights 
of Staten Island. It was evening; leaning back in 
his chair this idealist and engineer of vision prophe- 
sied: “‘I foresee that the charter which we are now 
securing which enables the trustees not only to hold 
and administer the building, but also to receive and 
administer funds for the advancement of engineering 
will in the future be found very useful.’’ Thus the 
agency that the foresight of his longtime friend had 
provided was adopted by Mr. Swasey in establishing 
Engineering Foundation for research and ‘“‘for the 
advancement in any other manner of the profession 
of engineering and for the good of mankind.” 
Benjamin Franklin was chagrined that his electrical 
experiments seemed of ‘“‘no use to mankind.”’ 
Swasey established a fund for engineering and “‘the 
good of mankind.” Standard screw threads and 
copper wire sizes, bigger and better turbines and 
generators, were but means to an end. The Insti- 
tute enrolled a new ideal when its representations 
with those of the other societies accepted the ad- 
ministration of the Swasey gift to engineering for 
service. 

Engineering Foundation came as a new opportun- 
ity; the next chapter in codperation was brought by 
necessity—necessity for a single engineering voice 
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of authority. The nation in war needed engineering 
counsel which separate societies with particular 
interests could not give. So as an emergency 
measure Engineering Council was formed with 
representatives from the principal engineering so- 
cieties. It functioned well. 

After the war it was seen that the common agency 
of the societies might well be extended in its scope. 
In the summer of 1919 a conference committee was 
appointed, the A.I.E.E. members being Calvert 
Townley, L. T. Robinson, and C. F. Scott. There 
were 3-day sessions and 2-day sessions and many 
intermediate meetings of subcommittees in shaping 
ideals, objectives, functions, and procedure. An 
incident will interest friends of Townley, who was 
then our president. On reading the record of the 
first 3-day session (which I was unable to attend) 
I discovered a recurring sequence. After a topic 
received about 8 pages of discussion Townley would 
move a resolution, which was passed. A new topic 
then received its 8 pages of discussion when again 
Townley’s name reappeared followed by a resolu- 
tion which was passed—and the cycle was repeated; 
again and again he stopped, he listened, he moved. 


AMERICAN ENGINEERING COUNCIL 


In June there was a preliminary conference of 
many engineering societies to receive the report and 
in November 1920 American Engineering Council 
(at first called Federated American Engineering 
Societies) was organized by the national mining, 
mechanical, and electrical engineering societies (the 
civil engineering society not participating until about 
10 years later) and other national and local societies. 
The following sentences from the constitution indi- 
cate the high idealism as to the function of the engi- 
neer in our modern life: 


ENGINEERING is the science of controlling the forces and of utiliz- 
ing the materials of nature for the benefit of man, and the art of 
organizing and of directing human activities in connection therewith. 

As service to others is the expression of the highest motive to 
which men respond and as duty to contribute to the public welfare 
demands the best efforts men can put forth, Now, THEREFORE, the 
engineering and allied technical societies of the United States of 
America, through the formation of American Engineering Council 
realize a long cherished ideal—a comprehensive organization dedi- 
cated to the service of the community, state, and nation. 

The object of this organization shall be to further the public welfare 
wherever technical and engineering knowledge and experience are 
involved, and to consider and act upon matters of common concern 
to the engineering and allied technical professions. 


Herbert Hoover, president of the new adventure 
in engineering, told the administrative committee 
that the higher standards of living that our industrial 
age was affording were counteracted by serious mal- 
adjustments—accidents, uncertainty of employment, 
difficulties between worker and employer. He said 
the engineer was particularly fitted to undertake the 
problem of readjustment and proposed that the first 
task of the new organization be the ascertaining of 
the facts as to industrial maladjustments. Six 
months later came the report ‘Waste in Industry.” 
One thing it showed was the gain possible through 
simplification and standardization. Mr. Hoover 
had become familiar with the industrial situation 
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during the investigation and was then able, as U.S. 
Secretary of Commerce, to secure simplification and 
standardization by codperation of various industrial 
groups which effected national economies aggre- 
gating hundreds of millions of dollars. The Council 
pioneered a new field, and has a record of fine 
achievement. The organization has not had the 
support anticipated, particularly by local societies. 
Two cents a week in dues seems to counteract the 
idealism of the average engineer for public service. 

In the recent development of the Institute the 
large number of cooperating relationships during the 
past decade is notable. Mr. Charlesworth in his 
history of our organization says we are represented 
on 27 different bodies; in addition more than half of 
our Sections are in direct co6dperation with local 
engineering societies. 


A.I.E.E. AND EDUCATION 


An organization with which we have very much in 
common interest (though until quite recently not 
formal relationship) is the Society for Promotion of 
Engineering Education, which last year celebrated 
its 40th anniversary. Many members are common 
to the educational and to the electrical groups, and 
the mutual interest of the profession and those who 
train for it is obvious. Professor D. C. Jackson’s 


account of electrical engineering education in this 
issue deals with the schools and their significance to 
the profession. 

It happens that the Education society has had 2 
electrical professors as president and each initiated 
an investigation of engineering education. Professor 
Jackson, pioneer in various educational enterprises, 
in 1907 (a few months after the dedication of Engi- 
neering Societies Building) secured the appointment 
of a joint committee representing the principal engi- 
neering and the education societies whose efforts 
with Carnegie aid culminated in the report of Dr. 
C. R. Mann in 1918. Later, in 1923, the proposals 
of the writer who was then S.P.E.E. president, led 
to a study of engineering education with Carnegie 
and other support (including that of the engineering 
societies and Engineering Foundation), supervised 
by a board of investigation and coordination of 
which Professor Jackson has been one of the leading 
members and the writer was chairman. The director 
of investigation was Dr. W. E. Wickenden, an elec- 
trical educator and A.IJ.E.E. member. Three years 
of fact-gathering, to which members of the Institute 
made a notable contribution, were followed by 12 
sessions of the summer school for engineering teachers 
during 7 seasons, completing the cycle of principal 
subjects in the engineering curriculum in 1933. The 
director, after 2 trips to Europe, made a compre- 


Engineering Societies’ Library as seen from the main entrance (1928) 
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What Can Be Done 


1. Act jointly—pool your interest with sister societies and 
colleges. 

2. Take active measures to guide American youth in its 
consideration of careers. 

3. Create a joint accrediting agency for colleges of engineer- 
ing. 

4. Reéxamine and, if practicable, codify your rules of ad- 
mission to membership. 

5. Through student branches educate students in the 
history, traditions, ethics, and social functions of the en- 
gineering profession. 

6. Create joint sanctions for the award of professional de- 
grees, and relate them to terms of admission to professional 
grades of membership. 

7. Take a large share in directing the after-college education 
of young engineers. ‘i 

8. Certificate the educational and professional attainments 
of engineers within the profession. 

9. Take measures to create other credentials of educational 
attainment in addition to college degrees. 


10. Do your part, through joint agencies, to promote the 
corporate welfare of engineering education. 


From ‘‘What the National Engineering Societies Can Do for Engineer- 
ing Education” by W. E. Wickenden, published in Mechanical En- 
gineering, v. 50, No. 2, 1928, p. 119. 


hensive report which indicates the close relationship 
between engineering schools and professional engi- 
neering in the principal European countries and in 
the United States. There was a supplemental study 
of noncollegiate technical institutes. 

The board of investigation has advocated a larger 
participation in education by the professional engi- 
neering societies. That happily seems about to be 
realized. 


Ce Ls. 


The latest codperative venture, Engineers Council 
for Professional Development (E.C.P.D.) is at least 
indirectly, a result of Doctor Wickenden’s repeated 
exposition of the responsibilities of the professional 
societies in the educational field. The new group is 
composed of the national societies of civil, mining, 
mechanical, and electrical engineers, the American 
Institute of Chemical Engineers, the Society for the 
Promotion of Engineering Education, and the 
National Council of State Boards of Engineering 
Examiners (concerned with licensing). Like the 
Student Branch movement, its principal function is 
to deal with men, aiding them in preparation for the 
profession. It is more comprehensive, including 
precollege guidance and postscholastic development 
of the engineering graduate in preparation for certi- 
fication into the profession by his society. 

After the foregoing was written I received a letter 
from Calvin W. Rice whose name appears many 
times in the early story of library and building and 
local organizations. He has succeeded in converting 
electrical enthusiasm into mechanical action; he is 
now secretary of the American Society of Mechanical 
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Engineers. He writes, April 2, 1934, “It may be of 
interest to you to see how in ’27, 7 years ago, our 
good friend Wickenden [W. E. Wickenden, now 
president, Case School of Applied Science] enumer- 
ated (in the box) items nearly every one of which 
are now adopted in the E.C.P.D.” The “box’’ 
accompanies his lecture on “What the National 
Societies Can Do for Engineering Education,”’ at the 
annual meeting of the Society, December 1927, 
printed in Mechanical Engineering (v. 50, No. 2, 
1928, p. 119) and republished herewith. 

If we class as education the acquiring of knowledge 
by our members through the reading and discussion 
of papers and through publications, we agree with an 
enthusiastic educator who proclaims that the Insti- 
tute is actually a great educational institution. 


Trend in Topics of Institute Papers 


That Institute papers have directly aided in solv- 
ing the problems that have confronted electrical 
engineers from time to time, is a general understand- 
ing in which I have shared. A study of early condi- 
tions reveals that this is not always true. 

During the first decade of the Institute the acute 
problem was to make apparatus that would work. 
Witness the miscellaneous shapes of cut-and-try 
field magnets of machines. When I entered the 
Westinghouse factory in 1888 the 2 kw transformer 
(“40-light’”” in the nomenclature of the day, 7. e., 40 
50-watt carbon lamps of 16-candle power) was the 
largest made. Experimental larger sizes had shown 
excessive voltage drop and temperature. The largest 
alternator (“designed for 130 kw and good for 120 
kw’’) had reached the limits of its mechanical design 
as its armature conductors were laid on a cylindrical 
core and were (for a while) held in place by band 
wires which were inadequate for the tangential jerk 
caused by short circuit or the temperature aug- 
mented by eddy currents in the conductors moving 
through the active field. Then came toothed arma- 
tures (one big T-shaped tooth per field pole); then 
the slotted type. There were many street railway 
systems in those days each with its own peculiar 
motor until Lamme’s historic No. 3 motor (cylin- 
drical, enclosed, 4 field poles, 4 field coils, slotted 
armature, machine wound coils, 2 brush arms) be- 
came (1892) the prototype of modern motors. 
There was like struggle for meters and switches and 
controllers that would operate and keep operating; 
but the fundamental thing was the machine. A 
typical larger railway power house had a 500-hp en- 
gine belted to a jack shaft with 4 or 5 big pulleys 
driving 100 kw generators—the largest then avail- 
able. At the World’s Fair in 1893 were 12 duplicate 
“1000-hp”’ alternators. 


DyYNAMO AND MoTror PIONEERS NEGLECTED 


What guidance did the Institute give to the dy- 
namo and motor pioneers? Under the classification 
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“dynamos”’ during the first 5 years are 2 papers; 
one on a method of testing by Professor Brackett and 
one on “The Relation between the Cross Section of 
the Iron in the Armature and Field of a Gramme 
Dynamo’ by Prof. D. C. Jackson. During the 
next 3 years 2 papers have to do with design, one 
on compound winding by Louis Bell (Johns Hopkins 
University, Ph.D.), and one ‘“‘On the Relation of the 
Air Gap and the Shape of the Poles to the Perform- 
ance of Dynamo Electric Machinery” by Prof. H. J. 
Ryan. During this period the only papers under 


the classification ‘‘motors’’ which suggest design are - 


“Electric Motor Regulation” by Prof. F. B. Crocker 
(note the preponderance of professors) and the paper 
of Dr. S. S. Wheeler (both past-presidents and 
associated in the Crocker-Wheeler Company) on 
“The Practical Requirements of Small Motors.” 
Doctor Wheeler says small motors have not been 
constructed on ‘“‘the same principles as those of an 
efficient dynamo machine”’ of large size. One-tenth 
horsepower motors were presented; they had a field 
of ‘‘simple horseshoe shape”’ and showed a departure 
from ordinary proportions as the Gramme armature 
was shorter and of larger diameter. Motors of this 
type were wound for 20-amp and for 10-amp constant 
current and also for 110-volt constant potential 
circuits. 

Where were other designers with their perplexities 
and their experiences? Possibly instead of broad- 
casting their ideas in Institute papers they were pre- 
serving them in patent specifications. They were 
too busy. Note the following paragraph in the 
discussion of ‘‘Distribution of Electricity by Secon- 
dary Generators’ March 15, 1887: 


“Professor Elihu Thomson: This is the first opportunity 1 have 
had of meeting the members of the Institute, and I am very glad 
that I came down. On former occasions I have been entirely too 
busy and preéngaged to make it convenient to leave the place where 
we carry on most of our operations.” 


He then describes his experiment on the reversi- 
bility of the Rhumkorff coil (as related in his accom- 
panying contribution to this anniversary issue) and 
adds that the heavy induced current welded the 2 
ends of the wire so that they “actually stuck firmly 
together. It was with difficulty that I separated 
them. ... My recent experiments in welding by 
electricity are really the outgrowth, as I see it, of 
that little experiment of the Leyden jar discharge 
sent through the Rhumkorff coil.” 

I was surprised to find how little specific technical 
information is found in the early Institute papers. 
They were largely descriptive. The nearest approxi- 
mation to a formula in volumes I to IV of the TRANS- 
ACTIONS is in a chemical determination of the carbon 
resulting from a combination of acid and sugar in the 
“Chemistry of the Carbon Filament.” 


STANLEY’S PAPER ON ALTERNATING CURRENTS 


There was one paper to which I owe much. 
Financial reverses in 1887 caused the Baltimore and 
Ohio Railroad to discontinue the technological school 
for apprentices in its Mount Clare shops where I 
was teaching while doing part time graduate work at 
Johns Hopkins University in mathematics, chem- 
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istry, and physics. I visited my old student friend 
Henry Humphrey who was trying to make incan- 
descent lamps penetrate the darkness of the Hoosac 
Tunnel. He showed me a little shack at the east 
portal. “This is the Westinghouse system and the 
dynamo makes alternating current” he explained; 
both were new to me. ‘“‘That is a converter, it has 
a coil of many turns receiving high voltage and an- 
other of few turns giving low voltage.” ‘‘Why,” I 
replied ‘‘that is a Rhumkorff coil backwards.” 

The only job I could find (after presenting letters 
from Humphrey in New York) was in Philadelphia. 
I was so unpromising but persistent a prospect that 
I was offered a trial opportunity for a week without 
pay and they would ‘“‘not charge me for the instruc- 
tion.” I got a job as wireman on the installation of 
an alternating current lighting plant in the Baldwin 
Locomotive works. The converter (now called 
transformer) was a mystery, but I found very helpful 
my recollection of “‘self-induction’”’ from the funda- 
mentals of electricity I learned from Professor 
Mendenhall at Ohio State University during the 
Spring of 1884 when the Institute was being founded. 
Also I found useful my personal acquaintance with 
sine waves gained in making Lissajou curves with a 
“compound” pendulum in the physics laboratory 
and also with one I purchased from C. F. Marvin 
(until recently head of the U. S. Weather Bureau) 
which he had made in the mechanical laboratory. 

I was well prepared by fundamentals and curiosity 
for a paper (an A.I.E.E. paper I learned afterward) 
on “Alternating Currents’ by William Stanley 
which I found in The Electrical World. The odds 
and ends of my knowledge and experience fitted 
into Stanley’s simple and clear account—it was 
rational, satisfying, inspiring. I pictured an author 
of such erudition as a mature and dignified scientist, 
such as were pictured with long beards. What was 
my astonishment a year later when he brought a new 
machine to Pittsburgh for test (I was wireman for 
him) to find him young, agile, nervous, enthusiastic, 
affable and likable. He showed an interest in his 
young helper which ripened into life long friendship. 
I surmise that Stanley’s paper meant to many 
others what it meant to me. 

But to return to early Institute papers, I find 
them largely informational and descriptive; there 
are but few too technical to be understood by the 
average member. Now and then comes one of 
outstanding character such as: “A New System of 
Alternate Current Motors and Transformers” by 
Nikola Tesla (TRANS., v. 5, 1888, p. 308-24); “On 
the Law of Hysteresis” by C. P. Steinmetz (v. 9, 
1892, p. 3-51 and 621-724); and “Impedance” by 
A. E. Kennelly (v. 10, 1893, p. 175-212). 


CLASSIFICATION BY ToPIcs; EARLY AND RECENT 


In the 1900 Handbook the prior Institute papers, 
1884-99, are listed under topics which are re- 
arranged in an accompanying table in order of the 
number of papers included in each (a few papers are 
listed under more than one heading; e. g., “‘induc- 
tion motor’ is included under both “motors’’ and 
“alternating current practice’’). 
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Papers published during the past 5 years that fall 
under the original topics are listed in the second 
column of the Table. Over 25 per cent of the topics 
are credited with no recent papers; among these 
topics, however, “‘storage batteries” and “primary 
batteries’”” have been discussed as auxiliaries in tele- 
phone and telegraph offices, also in papers on the 
‘‘3-power locomotive’; “polyphase systems” is the 
title of no recent paper, although over 75 per cent 
of the 660 papers actually relate to this system, so 


A.1.E.E. Papers—1884-99 and 1929-33 


Early Recent 

Topics in 1884—99 List 1884-99 1929-33 
Pitenn ating current DtactiCes wn hishye crue a sce crisis, oa ere eyes sent UR de ee 49 
NAtseetlaneous and CUGOFY is ssc at sak cache wie ce a oe ape we we ORMQ nn eames 90 
OT ACEO LM NS eee Tay SA O.c Wee, 6 te, MEE ee Sie buy sible Bie law-aue, Gonke BO Srerud oe: 33 
AD VST ATMOS Irs Rene a) cee e) eee ets eo ay «ae wee sede elses Sie cen aes 33 
INR OMOS Teeny Nt: = need ares oie bo eere teashs. etd a lange esas asthe ay wre levers 7 UR a ene 42 
NSO ROCESCENE ICME ho hn cue aia ane new Xie Gun le le ee ay POs a tie canteens 5 
RAE SRATICES LAINE ALC Smee yen istics cle) mel otoae ue aren ikea eine: cree ers tg LSS eeee mee vf 
Measuring instruments, indicators, etc................2.0-. LAr astextates 22 
RrotectiOui roll MENtning.. CLC. aaemen cise ities ee sanyo bis See oes 41 
PAE GMS INCI Cer n See eran (once rats caminduie Sie <olele S mdekoanin ohare ™ & T2i Siete ee 0 
BR GLe Da it Vee ee ic ae mitten, aeons ree oka Taras herein ety aidar leeotia Wend ode. Wiens 1 eee aren Sur 9 
International Electrical Congress of 1893.................. 1 AG ee eee sae 0 
IN area cya eas ere, corn Ulltnay Chey Cee eae TEPER CID Cae CPCS LO) ees eee 3 
SOTA CEL D AULeLl GS cemmten cyte ross. tcy ay encusegl cttw Gina e cues uate gat asin hohe dene LO ne ercaeo 0 
PBOCOMELEN sot Rieter ie ae ee exe pa st ontie Mes ee ee ae RL Se DF acauivel eros 0 
Gentralestagonsner ree yo petr mc elev te onake Gee ee Mar eice Sie teileleks fore Stans 11 
LETTE HEROS dice hey Geter Le S OG. GRAIG Cy REN ORCC men CRE a ene eee frente Dene 49 
ERIC TOU EES or Pm eo cuae hry Se kes ey ee wl ees Gi eee Ae (Ges tia Rose ee 4 
NED CORS pee re et ee Rete enn age ase Rife che iv ejon Sys See tarnne dow Gir ieweces hs 2 
IDIECULOLV.Glormpeae past cre acetate eee: faut tye Muveeye a, Bgl Sew aud SBTC Or aaaar races: 4 
DMEUTTTTER, 5 api. Wes. ough Oataca Mees Cate cd conc Te Ce ae ea One eee 1 
Patent smear mre Rie p mmc iets cis Kina s Spt meen ce.tya sacar coke Dauctagieeee tas 0 
POW eiCHATISIUISSIOMGE Ta a ci tering iia rum ciymio ia ech bowie vse pepe Petos tz 25 
IRS COIRON we acl eee athe COC REy a RO > inte eck Te ence eR ee ean ara 35 
SUDtenhanleatnwOGksery raat leralone entuiaehes tps eo. specs i's (epee Buen RR rarer, 8 
PANEGSESTG LCS Seer ee Ue eee Ry Ro SOS e's, SR wae A ek een 0 
PA MIVENLTEEL EAN ee ae iene Pie ink a GS hk Ga ae oe ane ne Cliente nds iL 
ROLY DILASEES VSCOLELS ie tarierctee oy Ry nicReR cited ectece Sha veh sera) e loiusoreet She eNO ees o* 
EVE ary MD ACLCILCS tye i sMee ono a states) ter herige nent ie area Ot drei 6 Sannin ene: 0 
Nai wAaVetGATOl SME Some eter ve custo Gin One? sae beets the BiG he 6 Ones 0 
[VSS REOPENS Sia 2p SI Ree cn Se arene 3 
Wiekcnomaral amen lari otra Mami: ac euckscniel out elsif irs varieterie tana ouier sierouaye Sivek Pa e 19 
Werte ABCC ete Bie rete rio haw Os Grea won se aM Sea Fa ots eaeueurs 0 
MRTEL A ELIER Commer es ce hee pair a Miele ae onal ie fo Ri, Je Fleets! viel euel ene a eve Lie tere 1 

Mean p etany Gate: rscys ier ei ar Maiev rs, peer tucione: oeissyy el eal eSusieps 26 aera beets 100 
Additional Topics in Papers of the Last 5 Years (1929-34) 

Which Are New or Radically Modified Since 1900 
Interconnected power systems and.stability..... 0.2.0. .000ccccvuer cee 24 
ABC. distribution networks /anditelaysanass tarts: cies se ve tlhe as cle 15 
Automatic control of frequency and voltage regulation.................. 10 
Automatic stations, telemetering, and supervisory control.............., 18 
Transformers—tap-changing under load and surge-proof................ 18 
Impulse voltage—generation, measurement and testing................. ll 
Wkerctirycarc rectifiets atid tnvertersu.nimis > nse Gets ai dele cma sees oi ayiieeres 12 
Relays—hishspeeddistance ty pe sacncv «4 «5 444.0.) sree » r.sune seem Hee oya Bele 4 
Oil circuit breakers—theory, design, and testing................+0+.0-> 12 
Oscillographs—cathode-ray and portable automatic..................., 6 
New types of fuses, lightning arresters, protective zaps, arcing horns, 

SWAECH Rea CLC ret tere Rees Sheek eo: Saas, © ore cues tobe. MOET A MOT Pe 13 
Inductive codrdination between power and telephone plant............. 4 
Radiotelephony and aeronautical communication....................... 19 
Kiimination of noise and sound atialysesan..) 0... .201sccs.s ace poe cce 12 
Vehicular traffic signals, railway signaling, and automatic train control.... 11 
WVMCHTOROMS CLOCK Sian ts.c Bn ic ee cst land Ths rotten etn caer ech ERS Ren 1 
Pelevisigha a Wa yr can 22 San osc tar ofa nanin alkyas sea ri e oA Rea Ae cere 1 
Plectronic ap plicattousn wer gyre ce ahr ee eae ici Aa nen Teh Are a eee Mn 
Electrical equipment for smoke abatement............0...:-.0sese4e0. 2 
EJECirIiC ShOGK a tee wise rare. eee ee ay tore ee eees ciek etn IRRS NOE Pe peor en 2 
Network analy zerssera |. wecratma an canteens Neteta crete etiie eae Tne ee 1 
Applications torosliwell din tin gemma: rem rereanst he aietn crete ari eatt ea 2 
Blectric filrnaCes , Sasik iy Aare OE Ce EERE fees ATR Or nk eee eae 1 
mlectricvhouse héatitie si. yoy e ee eine tee tiene eap eRe eT ane oe eI 2 

Wicanmpen years (ad ditional stopl Gs) einen tian teeter enei nei neat aan 43 

iMeataperryiear (all LOpics) iat ys ater rier trae eee a ee 143 


*No papers were on the subject of ‘‘Polyphase Systems;”’ yet over 75 per cent of 
the papers involve theory and apparatus used in connection with polyphase 
systems 
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that instead of 0 one might advocate placing 495 
under this topic. 

Under several topics the number of papers has 
increased from 2 to 6 times, viz., “motors,” ‘“‘protec- 
tion from lightning,” “‘insulation,”’ “power trans- 
mission,’’ ‘telephony,’ and “‘welding and annealing.” 
While only 2 papers in the last 5 years appear under 
the topic of “meters,” if those discussing metering 
systems (such as ‘“‘telemetering,’’ listed as a new 
topic) and those treating parts of metering systems 
(such as “‘instrument transformers’’) were counted 
here, the number would be much larger. In the 
same way the 25 papers appearing under ‘‘power 
transmission”? would be greatly increased if those 
treating “interconnected systems” and “‘stability,”’ 
as well as those dealing with “insulation of power 
cables” were included under this topic. Many of 
the 49 recent papers classified under the old topic 
“alternating current practice’ might appear more 
appropriately under a new heading, “‘engineering 
and operating practice.”’ 

The first period included 15 years; the second, 5 
years; ‘“‘power transmission’”’ averaged only 1 paper 
in 3 years in the early period and 5 per year in the 
later period. Incidentally, the first (1892) and the 
last (1898) of the early papers on ‘‘power trans- 
mission” were by Chas. F. Scott. 

In the lower portion of the table of A.I.E.E. 
papers are listed the additional topics necessary for 
including recent papers, indicating what is new or 
radically modified. This list is significant. Possibly 
it should be increased by transfer of some papers 
now in the first table; for example, recent papers 
classed under “‘traction’’ and referring to ‘‘steam 
railway electrification’ might be considered as 
dealing with radical modifications. Many of the 
“miscellaneous and theory’ papers deal with the 
theory of unlisted topics. The tables, however, are 
not presented for microscopic dissection, but for 
indicating general trends. 


TRANSACTIONS AND OTHER RECORDS; N.E.L.A. 


Presumably many early papers were voluntary 
contributions by authors while others were requested 
by the committee responsible for providing a pro- 
gram. Later came more definite planning of pro- 
grams, as in Steinmetz’ presidency and in later years 
when the convention programs are largely sponsored 
by the technical committees. 

It sometimes is assumed that the Institute TRaNs- 
ACTIONS present a complete moving picture record 
of electrical engineering. This is only partly true; 
the TRANSACTIONS constitute an invaluable but not 
a complete record. The electrical press, including 
the Electrical World, the Electric Journal, the General 
Electric Review, publications of the Bell Telephone 
System, “proceedings” of related societies in the 
fields of electrochemistry, illumination, welding, radio, 
and education as well as certain papers presented to 
the A.S.C.E. and A.S.M.E. are needed to complete 
the record; nor can patent specifications, interfer- 
ences, and litigation be omitted for they contain 
much of historic value. 

Steinmetz great paper on complex quantities was 
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presented to the Electrical Congress of 1893. This 
congress, as well as that of 1904, was sponsored by 
the A.J.E.E. and the ‘Proceedings’ were printed 
under our auspices but as independent volumes. It 
seemed to me in 1904, and I am of the same opinion 
now, that the proceedings of such congresses might 
well have appeared as supplemental volumes of our 
TRANSACTIONS thereby placing there and in our 
indexes much worthwhile material. 

The National Electric Light Association received 
papers that should have been ours, such as Lamme’s 
classic on the induction motor (1897). The tech- 
nical committees of that association have done a 
great piece of work. Engineers of public utilities 
were given a Herculean task of installing apparatus 
and providing systems to meet growing demands. 
Previous rapid growth had been accelerated during 
the war period and the output during the final war 
year 1918 is shown on a widely published curve as 
34 billion kilowatthours. By 1929 this had in- 
creased nearly threefold to 93 billion; nor did this 
involve mere duplication of equipment. Scientific 
research and engineering development were pro- 
ducing new apparatus for generation and trans- 
mission and control while “super power” and inter- 
connection were imposing new problems in design 
and operation. Engineers of the utilities were 
urged to quick action by the endeavor of their 
managers to meet the public demand for electric 
power; and the criticism of utility financing and 
management cannot be attributed to failure of engi- 
neers to meet their gigantic problems. 

But what of their relations to the Institute? It 
seemed to me in 1902 that the N.E.L.A. was taking 
up many technical problems that the A.I.E.E. had 
been handling; and under the vigorous stimulation 
of its president, H. L. Doherty, it was doing a real 
job. Recently Mr. E. C. Stone of the Duquesne 
Light Company (Pittsburgh, Pa.), for several years 
chairman of the technical committees of the 
N.E.L.A., stated the relationship thus: 


“Our problems were urgent; as public utility engineers we got to- 
gether to solve them; we were largely A.I.E.E. members; but when 
we had something new and outstanding we wanted it to appear as an 
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Institute paper, on account of the prestige and standing of the 
Institute.” 


This sentiment, if my observation is correct, is 
widespread. 


The Institute Functioning as an Organization 


When in December last I accepted a part in 
writing the history of the Institute it seemed to me 
that the influence and achievements of its members 
acting as an organized group in contrast to what 
they might have accomplished as individuals would 
be a fruitful line of inquiry. 

The trend toward organization has been general. 
When the Institute was organized, engineering and 
technical societies were few; now they are legion. 
Industry and business have been completely revolu- 
tionized by consolidations. I have just noted an 
article in Cassier’s Magazine, October 1901, on 
“Some Recent Industrial Consolidations’’ which lists 
great combinations or ‘“‘trusts’’ in steel, locomotives, 
agricultural implements, shipbuilding, machinery 
(Allis-Chalmers Company), tin cans, and watches, 
also “‘carpet, packing, egg, and cereal consolida- 
tions. ... Lighting and street railroad companies all 
over the country . . . oil-field companies, coal com- 
panies, and electric power organizations are being 
amalgamated from the Atlantic to the Pacific. ... 
Each week and month add a chapter to the remark- 
able industrial revolution.’’ A companion article 
deals with trade combinations in Great Britain and 
on the Continent. 

The economies of large scale physical operation— 
in large measure the development of engineers who 
provided power and machinery—forced the small 
factory, often developed by the individual who be- 
came owner, manager, and expert, to shut down or 
to merge with others. 

In electrical manufacturing there were in the ’80’s 
many makers of arc lighting equipment and incan- 
descent generators and lamps and railway motors 
and various electrical equipment and accessories. 
Consolidations came, notably the General Electric 
Company in 1892, as described in Professor Thom- 
son’s accompanying article, which continued the 
absorption of other companies, such as those of 
Sprague and Stanley. The Westinghouse Electric 
and Manufacturing Company in 1920 was a com- 
posite of a score of prior organizations, as shown in 
Colonel Prout’s biography of George Westinghouse. 

Research and design shifted from individuals to 
groups. A generator or a transformer or control 
equipment is now the product of many experts. 
Sprague’s Richmond car and his early multiple unit 
train control were probably about 99'/i9 per cent 
pure Sprague; but the monster Pennsylvania single- 
phase locomotive is the product of the combined 
experience and technical acumen of scores of West- 
inghouse and General Electric experts collaborating 
in the design of motors and controls, and codperating 
with engineers of the Pennsylvania Railroad and the 
Baldwin Locomotive Works. The scale of activities 


667 


has passed the capability of the individual; group 
action is essential. 


CHANGING INDUSTRIAL ENVIRONMENT 


These snapshots during recent decades picture the 
changing industrial environment of our Institute. 
We cannot pause here to indicate the potency of 
electric power and processes in shaping large scale 
production nor the significance of the telephone as 
the high speed tool of modern business. We may 
consider for a moment, however, the electrical de- 
velopments that preceded and made possible large 
scale operation in electric power. As illustration 
note the Hartford Electric Light Company and its 
progressive upbuilding under the leadership of its 
president, A. C. Dunham (donor of the Dunham 
Electrical Laboratory at Yale University). About 
1897 its station supplied arc lighting on 10-amp and 
on 6.6-amp circuits, incandescent lighting on 3-wire 
d-c and 1,100-volt a-c circuits, and power on 500-volt 
d-c circuits. There were 24 belt-driven generators, 


aggregating a trifle over 1,000 kw supplying their 


loads by 21 separate and independent circuits which 
could not be put in parallel. 

Then came polyphase alternating current, at first 
from water power, then (1901) from the pioneer 
steam turbine in an American central station, 
Westinghouse-Parsons (Parsons applied for and 
received his English patent on the turbine in our 
natal year, 1884), and now from a General Electric 
mercury boiler and turbine. There is interconnec- 
tion with surrounding plants, and even Niagara 
power by intermediate interchange has served 
Connecticut in an emergency. The key to it all is 
the polyphase system, announced in Tesla’s Insti- 
tute paper in 1888; demonstrated on‘a large scale 
at the Chicago World’s Fair in 1893; put into large 
scale service at Niagara in 1895; and now providing 
practically all of our world-wide electric power 
service. One day at the World’s Fair Dr. Louis 
Duncan, then president of the A.I.E.E., said “Scott, 
some of us want to discuss power transmission at the 
electrical congress tomorrow afternoon. Can’t you 
describe the Westinghouse polyphase exhibit?” My 
account appears in the “‘Proceedings”’ of the congress 
published by the Institute. Several years later in 
presenting a paper “‘Niagara Power” to the Engi- 
neers’ Club in Philadelphia I used a diagram showing 
the varieties of a-c and d-c services at fixed and 
varying and adjustable voltages that were being 
supplied locally and at Buffalo from a single set 
of bus bars. Mr. E. D. Adams reproduced the 
diagram in his book ‘‘Niagara Power’’—very com- 
monplace now, but in the middle ’90’s a revolution 
that made large scale electric power possible and 
enabled electricity to become an active agency in 
large scale codperation. 

The Institute itself, rejoicing in the membership 
of 279 reported by the national secretary at the end 
of the first year (although Secretary Pope reports a 
“total paying membership” of 98 as of May 17, 
1887, 322 in 1888, and 742 in 1893; Trans., v. 10, 
1893, p. 536) and holding annual meetings at which 
11 papers were presented in 1884, 5 in 1885, and 6 
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in 1886, has grown in membership and activities to 
the organization it is today. The story of this 
development is interestingly related in the accom- 
panying article by Past-President Charlesworth. 
One is impressed by the Institute’s territorial ex- 
pansion—61 Sections and 113 Student Branches; 
by its score of technical committees; by the 30 or 
more representations in 27 other engineering and 
scientific groups; and by the considerable but over- 
loaded operating staff. 


STANDARDIZATION; KENNELLY AND SKINNER 


Some of the activities which are essentially those 
of a group and not possible by independent indivi- 
duals merit special comment. Standardization is 
an outstanding professional activity. The contri- 
butions by past-presidents Kennelly and Skinner 
show an amazing development. The Institute was 
entering its sixth year when it took the first step by 
recommending the name “henry” for the unit of 
induction. A few other recommendations as to 
nomenclature and scientific units and the adoption 
of a standard wiring table (in which the fixing of the 
Matthiessen value of copper resistance was a crucial 
point) was nearly all until the ‘‘committee on stand- 
ardization” came in 1898. It dealt with engineering 
and technology, and continually expanded its scope. 
Then about 1920 the work was extended to produc- 
tion and manufacture and later the American 
Standards Association evolved largely under A.I.E.E. 
leadership. All this provides scientific, technical, 
and industrial foundation upon which to build. 

These contributions of past-presidents Kennelly 
and Skinner provoke personal reminiscence. Read- 
ing between the lines Kennelly’s contribution is 
autobiographical. It portrays his clarity of think- 
ing and expression; his aptitude and interest in 
scientific nomenclature, the language that enables 
engineers to understand one another; his continued 
interest since his chairmanship of the Institute’s 
initial committee on units and standards. I really 
came to know him when I was a member of the 
standards committee and he was secretary of that 
committee. One incident impressed me greatly— 
the facility with which he instantly condensed my 
rambling paragraph into this: ‘“Note. The following 
definitions and classifications are intended to be 
practically descriptive and not scientifically rigid.” 
About the same time, some 30 years ago, I was a 
member of another committee of which Skinner was 
secretary; it was a works committee on purchasing 
department specifications at the Westinghouse com- 
pany; it included representatives of purchasing, 
engineering, testing, and manufacturing departments 
of the company. The problem was to prepare speci- 
fications acceptable to all departments and to pro- 
spective bidders for wire, sheet iron, tool steel, shafts, 
insulating materials, and what not. The secretary 
was the focal point for objections from all concerned 
and it was his function to draft and redraft specifica- 
tions until they were practical and adequate and 
received approval. In this he acquired technical 
and diplomatic experience which stood him in good 
stead in the battles royal of national groups later on. 
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TECHNICAL PROBLEMS 


Group attack on technical problems is a powerful 
agency. The power transmission committee brought 
together at the Niagara Falls convention in 1903 
over 60 interested members who represented, as I 
noted at the time, practically every transmission 
company from Montreal to Los Angeles, including 
cities with underground cables; and there were 
experts from manufacturing companies, from labora- 
tories, and from colleges. The method of discussion 
is described by Past-President Mershon. This 
forum of operating men and designers and experts 
through successive years laid the basis for the trans- 
mission networks that cover the country. 

The Institute committees provide a_ technical 
meeting place of engineers of commercial competi- 
tors. In one instance engineers of manufacturing 
and operating companies held conferences that 
finally culminated in tests on 4 large turbine genera- 
tor units after installation for determination of safe 
temperature limits. Similarly investigations are 
under way directed to the standardization of test 
methods and performance limits to establish the 
surge voltage strength of transformers. 

Again, the comprehensive and inclusive problem 
of insulation coérdination between the various parts 
of a transmission system is under consideration by 
several of our committees. 

Complex problems require coérdinated handling. 
In early power transmission by constant current at 
variable voltage (practically the only method con- 
sidered in Kapp’s ‘Electrical Transmission of 
Energy,” 1888) and by alternating current as the 
synchronous motor at Telluride in 1891, the trans- 
mission wires connected one generator to one motor. 
Individual machines were connected together in the 
simplest ways. However, modern interconnected 
transmission and distribution systems are not simple 
assemblages of independent units; the characteristics 
of each of the circuits must be codrdinated with the 
whole to secure operating tranquility. Hence, de- 
signers of the various elements and operating engi- 
neers, not of one but of many systems, must plan 
together. Mr. Fortescue points out that the pres- 
entation of symmetrical coérdinates and of system 
stabilization to the Institute secured a wide audience 
of the many concerned. Furthermore, a new idea 
(usually commended by one’s associates) receives a 
stimulating diagnosis when it encounters the queries 
of commercial rivals who aim to bring out the weak 
points or omissions. Improvement is likely to follow, 
by the originator or his rivals. 


A.J.E.E. A VOLUNTARY ORGANIZATION 


As problems become comprehensive and involved, 
the Institute therefore provides a forum, where 
designers and operators, irrespective of race, color, 
or conditions of servitude can meet on common 
ground, and where quality is the predominating 
criterion. 

The Institute is a voluntary organization; it can- 
not compel its members nor has it authority to 
enforce its recommendations or its standards. It 
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depends on the freely given service of its members 
and on the prestige of its standing as a professional 
body. I note a sort of reverential regard by our 
members for something intangible—not for com- 
mittees or boards or individuals, but for ‘‘The 
Institute’; and its members jealously guard its 
reputation from commercial or unprofessional taint. 

In their Institute activities electrical engineers 
have learned to work together. Although of diversi- 
fied interests—technical and commercial—they have 
cooperated to build their profession and their indus- 
try. There have been rivalries and controversies, 
some quite vigorous, as in several “‘battles of sys- 
tems”; but in general in a wholesome spirit of give 
and take. We have sought to find a better way ina 
practical spirit of optimistic progress. Our con- 
tentions are clarifying and we emerge on a higher 
plane. 

The ability to work together which electrical engi- 
neers have attained in the Institute is a quality sorely 
needed elsewhere. Present forward looking read- 
justments in industry and business demand a shift 
from the excesses of ruthless individualism to rational 
coordination. The threatening difficulty is in getting 
industry and business to do what engineers have been 
doing in their Institute work. Possibly the great 
thing that the Institute has achieved by group action 
is a demonstration of the methods and results of large 
scale voluntary codperation. 


Institute Service to Its Members 
“Social Intercourse” 


The acquiring and transmission of knowledge is 
essential to progress. The great accomplishment of 
the Institute is the publication of several thousand 
contributions on 50,000 and more pages of its 
TRANSACTIONS which have been distributed to a 
membership that has increased more than a hundred- 
fold. Papers are scrutinized by experts before 
acceptance, and are refined and amplified by dis- 
cussion—a process stimulating to authors and pro- 
tective to readers. A problem past, present, and 
probably persisting, is to meet the needs of a varied 
membership. Our society is not exclusively scien- 
tific and professional; it represents an industry; it 
is made up largely of “‘associates’’; it enrolls stu- 
dents. A technical committee rejoices when a super 
expert edifies his expert group by symbols or terms 
that are jargon to the uninitiated. Possibly any 
one of a majority of our papers is of real significance 
to 10 per cent or less of our members, which attests 
value or otherwise according to one’s point of view; 
but our publication policy aims by wide variety to 
provide for every taste: Note the recently inaugu- 
rated series of scientific expositions for younger and 
general readers, supplementing the educational ob- 
jectives of Student Branches and the Engineers’ 
Council for Professional Development. If any group 
feels neglected it may well question whether its own 
activity is not at low ebb. 

I was surprised to note the order in which the 
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rules adopted May 13, 1884 list the methods by 
which the new Institute was to accomplish its ob- 
jectives: it is (1) by social intercourse, (2) by papers. 
This seems to presage the order of precedence at our 
annual conventions in which the award of the Mer- 
shon Trophy and prizes for golf and tennis arouse 
greater general interest than awards for best papers. 
I’ve been asking myself and others during the past 
few months, just what really is the outstanding 
feature of the Institute? I am seeing some things 
in new perspective. What have I gotten out of the 
Institute? ‘Social intercourse’ is not limited to 
banquets and evening clothes, but includes com- 
mittee meetings and shirt sleeves, golf courses and 
tennis rackets. It is seeing men, hearing them, 
meeting them, knowing them, catching their spirit, 
cherishing their friendships that count. I find that 
I have met every president except the first and I 
learned of him quite early, as ‘““Norvin Green, presi- 
dent” was conspicuous on Western Union Telegraph 
blanks. In a few cases—only 3, Pope, Weston, 
Houston—the meeting was incidental or brief; with 
nearly all of the others the association has continued 
through the years. I met Anthony only a few times, 
and Bell I think but once; but as it fell to my lot 
to present to him the John Fritz Medal during the 
dedication exercises of the Engineering Societies 
Building it made a deep impression. (I did see him 
again in 1915 at the public demonstration in our 
auditorium of the transcontinental telephone, when 
his original telephone was exhibited and employed 
by him in talking with San Francisco.) At the 
dedication in 1907 he was well along in years, but 
so simple and gentle and kindly and appreciative! 
As I write these words, they call to mind another 
great figure. It had been my privilege a few years 
earlier to visit Lord Kelvin in his home in London. 
In my memory, Bell and Kelvin are very much alike. 

I don’t remember what it was that took so much 
time in our board meetings, but I do remember the 
men and their ways; and in the fascinating con- 
structive work on the Engineering Societies Building 
Committee and American 
Engineering Council it has 
been a great privilege to 
work with the leaders in the 
other societies. Yes, to me 
“social intercourse’? may 
even take first place, for it 
has brought me friends and 
activities that have enriched 
my life. 


INSPIRATION BY 
ASSOCIATION 


President Whitehead 
finds one of the Institute’s 
best fruits to be “‘the power 
which its meetings and 
publications have of attract- 
ing aspiring young men and 
maintaining their allegiance. 
This appeal to young men 
has been the greatest asset 
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In the fabric ‘of electrical engi- 
neering the long scientific threads of 
the warp are bound together and 
given pattern and utility by cross 
threads which are the life achieve- 
ments of individuals. 
keeps Weaving through the years 
new threads of scientific knowledge 
are added to the old, and new 
workers contributing woof of finer 
quality enrich the beauty and en- 
hance the utility of the product. 
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and strength of the Institute.’’ Not scientific knowl- 
edge, but an appeal “inherent in the Institute.” 

Past-President Rice speaking of the early years 
says our “organization formed a nucleus which 
steadily drew to itself the earnest electrical workers 
in all parts of the country.” What resulted was 
“the inspiration that comes only from association 
of people of similar interests and of like minds.” 

The Institute has been characterized as a great 
educational institution. The college, too, has its 
“papers,” its lectures, and discussions, its technical 
laboratories, and is operated with carefully balanced 
curricula; but what the fortunate student values 
most in later years is the atmosphere of the place, 
the methods, the personality, the ideals, the inspira- 
tion of his teachers, and the association with fellow 
students “‘of similar interests and of like minds.” 
The real things in school, in Institute, in life are 
intangible, inspirational, spiritual. 

Fortunate will be this anniversary occasion if we 
can show the way we have come and point the way 
onward in effective service “for the good of mankind”’ 
which may inspire our young men to lead on. 


Finale 


In planning for the fiftieth anniversary of the 
Institute the committee assigned a particular part 
to me because of my long personal participation in 
Institute affairs. I joined the Institute in 1892. 
I was elected a director in 1895 and have been 
officer, representative, or committee member con- 
tinuously since that time. Perhaps Doctor Ken- 
nelly alone has a longer record of service. 

Possibly I have been unduly responsive to the 
suggestion that there be ample embellishment by 
personal reminiscence. The perusal of old time 
records, the reading of past-presidential contribu- 
tions of wide variety, personal reminiscing with old 
timers and with others have 
awakened interesting recol- 
lections and have given me 
new viewpoints and a per- 
spective of various hap- 
penings; these now present 
a significance which one 
does not recognize when 
enmeshed in details. 

My romancing excursion 
into the past is brought 
to an abrupt close by 
telegraphic demand of the | 
Editor for copy. I close 
with a profound sense 
of inadequacy of my story — 
asa “history” and a feel- 
ing that the future may 
discover that the rdle 
of the Institute in our . 
changing civilization has . 
a significance we do not . 
realize. 


As the loom 
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The Institute's Organization 


By H. P. Charlesworth, President A.I.E.E. 1932-33 


N THIS the occasion 
of the fiftieth anni- 
versary of the Insti- 

tute, it is my privilege to 
review briefly what has 
taken place over the years 
past with respect to its or- 
ganization. To this end, 
it will be interesting, I be- 
lieve, to look back at its 
early form and consider how 
it has expanded from a very 
modest beginning to meet 
effectively the diversified 
requirements of the various 
activities that naturally developed in 
an institution associated with such a 
rapidly growing industry. 

As Professor Scott tells us in his his- 
torical review, the American Institute 
of Electrical Engineers came into being 
at a meeting in New York City on May 
13, 1884. While the initial. member- 
ship cannot be stated with exactness, 
as the early records are incomplete, the 
first rolls carried the names of many 
who were destined to be leaders in the 
electrical arts over a long period of 
years, including Thomas A. Edison, 
Alexander Graham Bell, Elihu Thomson, Edwin 

Houston, Edward Weston, Theodore N. Vail, 
Charles F. Brush, Elmer A. Sperry, and Norvin 
Green. They were quickly followed into member- 
ship in the new organization by other men whose 
names are associated with outstanding contributions 
to the early development of the art. 


this article. 


GENERAL ORGANIZATION 


Management of the affairs of the Institute was 
placed in the hands of a council composed originally 
of a president, 6 vice-presidents, 12 managers, a 
secretary, anda treasurer. In 1901 the name of this 
managing body was changed to “‘board of directors.”’ 
Its makeup, through successive changes, has been 
modified slightly so that it now includes 10 vice- 
presidents, instead of 6, and 2 junior past-presidents. 
The national secretary acts as secretary of the board 
without vote. In the interim between meetings of 
the board, matters requiring attention are passed 
on by an executive committee of 7 members. 

While the term of the national secretary is one 
year, through repeated election and reappointment, 
he has been in fact a continuing executive officer 
of the Institute, and the development of the In- 
stitute’s activities has been influenced in large 
measure by the wisdom and vision of the men who 
have occupied this office. Of the 4 national secre- 
taries who have served the Institute, 2 have covered 
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How the Institute’s organization has grown 
from its early modest beginning to meet the 
widely diversified needs of a rapidly ex- 
panding membership is reviewed briefly in 
One cannot review the his- 
tory of the Institute's organization ‘’with- 
out being impressed with the flexibility 
it has shown in adapting itself to changing 
conditions, and we may be confident that 
this will continue... in the future.”’ 
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47 of the Institute’s 50 years. 

The first secretary, Dr. 
Nathaniel S. Keith, under 
whose leadership the origi- 
nal group that formed the 
Institute was brought to- 
gether, served only for the 
first year. For the next 
27 years until his retirement 
in 1911, it was the Insti- 
tute’s good fortune to have 
the services of Mr. R. W. 
Pope, a charter member, in 
this office. His executive 
ability and enthusiasm, and 
his wise, discriminating counsel contrib- 
uted greatly to the Institute’s progress 
during his period of service from a 
modest beginning to a large and ef- 
fective organization. The traditions 
established by Mr. Pope were capably 
sustained over the next 20 years by his 
successor, Mr. F. L. Hutchinson, who 
brought to the office a rare statesman- 
ship and a detailed knowledge of 
Institute affairs gained in a long 
experience as assistant secretary. In 
the difficult years since Mr. Hutchin- 
son’s death in 1932, this office has been 
filled very ably by Mr. H. H. Henline, who also had 
long experience as assistant secretary before assuming 
his present duties. 

Growth of the staff working under the national 
secretary at Institute headquarters is illustrative of 
the development of the Institute. Starting with 
only part time of the secretary alone, later supple- 
mented by some stenographic help, the staff grew 
to a force of 35 men and women at its peak in 1931. 
In the course of the depression years it has been re- 
duced to 25. The growth of the staff reflects the 
increase both in the amount and in the variety of 
services performed. An important division of the 
present organization is the editorial division which 
edits and publishes ELECTRICAL ENGINEERING and 
TRANSACTIONS of the Institute, under the direction 
of Mr. G. Ross Henninger. Advertising in ELEc- 
TRICAL ENGINEERING is under the direction of Mr. 
C. A. Graef. Other important work is represented 
by the committee secretaries, Mr. H. E. Farrer serv- 
ing as secretary of the standards committee and the 
board of examiners and Mr. C. S. Rich serving as 
secretary of the technical program committee. The 
business office and general office management work 
constitutes the largest group and is under the direc- 
tion of Mr. F. A. Norris. The sustained loyalty 
of the staff to the ideals of the Institute always has 
been one of the Institute’s great assets. 
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GEOGRAPHICAL DIVISIONS 


While from the beginning the Institute was a 

national organization, technical activities at first 
centered a good deal about New York City. Except 
for the first regular technical meeting, which was 
held in Philadelphia on October 7 and 8, 1884, all 
of the meetings for the first 5 years were held in 
New York. After that there were occasional meet- 
ings in other cities, Boston (1890 and 1899), Chicago 
(1892), Philadelphia (1894), Niagara Falls (1895), 
Eliot, Maine (1897), and Omaha (1898). Minutes 
of the early meetings show that the officers were 
increasingly aware of the geographical problems 
presented by the far-flung distribution of the growing 
membership. There were repeated discussions deal- 
ing with measures for enabling the active participa- 
tion of distant members in the Institute’s affairs 
and for increasing the usefulness of the Institute 
to them. Mr. Pope was a constant champion of 
these distant members. Only a few days after the 
third anniversary of the Institute, he offered the 
following suggestion: 
“Tt has come to my notice that there is a field for the establishment 
of branches of the Institute in some of the larger cities.... The 
electrical interests in other cities are very large and with a little 
assistance and advice, perhaps, and by providing in the rules for the 
establishment of such branches, I think some good may be accom- 
plished in that direction... .” 


Again in 1893, Mr. Pope called attention to the in- 
creasing proportion of the membership residing out- 
side of the vicinity of New York. Shortly afterward 
a plan was authorized by which, upon petition of 20 
members, meetings might be held in any city at the 
same time as those held in New York, the same 
papers being read and discussed simultaneously at 
all meetings. Many meetings of this kind were held 
in Chicago; but the practice was not generally fol- 
lowed elsewhere until 1902, when independent local 
meetings and activities became a prominent feature 
of Institute work. 

At that time Mr. Pope discussed this matter with 
Dr. Charles F. Scott, then president-elect, and he 
later appointed a committee on local organizations 
to promote local meetings. As a result, plans were 
approved for the organization of local groups of 
members in geographical Sections. Also, at the sug- 
gestion of President Scott, groups of engineering 
students in universities and technical schools were 
organized into Branches. This establishment of 
Institute Sections and Branches was a move of 
fundamental importance in the Institute organiza- 
tion. The members of both Sections and Branches 
multiplied quickly and, with this, began the really 
rapid growth in Institute membership. 

The importance of this step is illustrated by the 
fact that there are today 61 Sections and 113 Stu- 
dent Branches. The Sections cover the portions 
of the United States, Canada, and Mexico that in- 
clude approximately 85 per cent of the Institute 
members, who are automatically members of the 
Sections in which they reside. The expenses of the 
Sections are borne by the Institute through a 
remission of a portion of the dues of Section mem- 
bers and by other appropriations. The Sections 
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possess a high degree of autonomy, each having its 
own by-laws, electing its own officers, and conducting 
its own meetings. 

Student Branches are in each case conducted with 
the general advice of a counselor appointed by the 
president of the Institute, and are quite. autonomous 
in character. They provide a means by which, even 
during his college years, the student may become 
associated with his profession. The student mem- 
bers receive a subscription to ELECTRICAL ENGINEER- 
ING and favorable terms of admission to the In- 
stitute upon completion of their courses. 

The very important part that the Sections and 
Branches have in the life of the Institute, through 
frequent meetings for the presentation and discus- 
sion of papers, is illustrated by the fact that in the 
year ending April 30, 1932, they sponsored a total 
of 1,632 meetings having a total attendance of 
160,000. Studies are constantly being made of 
means to strengthen the Sections and Branches and 
increase the scope of their already wide activities. 
This sectional organization has been of inestimable 
help in providing broader opportunities for the de- - 
velopment of engineers through the exchange of ex- 
perience and through inspiring contacts with emi- 
nent members of the profession and in the general 
development of the electrical arts and of the In- 
stitute. Provision is made for a conference of dele- 
gates of the Sections and Branches at each summer 
convention; out of these conferences have come . 
many suggestionsof value for carrying on and broaden- 
ing the activities of the Institute. 

Always on the alert to adjust the organization to 
changing conditions, the board of directors in 1919 
appointed a committee on development to consider, 
among other things, ways and means of increasing the 
service rendered by the Institute to its members. 
As a result of the committee’s recommendations 
in order to provide a closer relationship between 
the Institute and its Sections and Branches, the 
area of the United States and Canada covered by 
the Institute was divided into 10 districts and the 
number of vice-presidents was increased to 10, one 
for each of the districts. These district organiza- 
tions keep in very close contact with the Sections 
and Branches in their areas and form a needed link 
in the geographical organization of the Institute for 
the most effective coordination and extension of its 
activities. 


COMMITTEE ORGANIZATION 


It is interesting to note that the committee or- 
ganization which is such an important feature of the 
Institute’s activities began very early in the In- 
stitute’s history. At the second meeting of the coun- 
cilon June 3, 1884, the following standing commit- 
tees were appointed: 


Dynamo electric machines 

Telephones 

Telegraph 

Arc lamps 

Incandescent lamps 

Prime motors and transmission of power 
Electric railways and signals 
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inderground and submarine cable work 
lectrochemistry and metallurgy 

oltaic batteries, galvanometers, and measurements 
econdary batteries 


‘his list is significant as indicating the scope of the 
rt and its recognized divisions at that time and as 
epresenting an early precedent for our present 
echnical committees. 

In these first days there was no recognition of 
pecific committees in the rules of the Institute and, 
enerally speaking, these committees like the other 
arly committees were short lived, the committee 
rganization changing from year to year. How- 
ver, prior to 1900 there had emerged certain com- 
nittees of a permanent character, including the 
ommittee on meetings and papers, committee on 
membership, and board of examiners. Of interest 
so among the committees of the early days are the 
ommittee on finance, building and permanent quar- 
ers, the editing and library committee, the commit- 
ee on standardization, and the committee on units 
ind standards. 

In any association of the character of the Institute, 
committees of members arg sure to carry a very im- 
vortant part of the activities, and it is not surprising 
hat with growth there should have developed as a 
yermanent part of the organization, a large number 
f committees: specifically, 18 technical committees, 
ach dealing with some branch of the electrical art, 
und 25 general committees. Beginning with the 
ransmission committee appointed by President 
Scott in 1902, the technical committees have in- 
reased in number and in range of activities to in- 
lude the discussion and the stimulation of all 
yranches of electrical development. Of the general 
ommittees, one group deals with questions involving 
nanagement, including the executive committee, 
ommittee on codrdination of Institute activities, 
oard of examiners, finance committee, headquarters 
committee, the committees on membership, trans- 
ers, publications, and technical program. Some of 
hese committees deal with general questions of 
yolicy, including the Institute policy committee, 
ommittee on legislation affecting the engineering 
rofession, and the committee on code of principles 
Mf professional conduct. Other committees deal 
vith relations to other organizations and with the 
ward of medals and prizes. Other important com- 
nittees are those devoted to the activities of Sec- 
ions and of Student Branches. 

It is naturally out of the question in this brief 
eview to discuss or even to outline the scope of 
ll of these numerous committees. This important 
yhase of the Institute’s activities and the way in 
vhich the organization has developed and been 
nodified to meet changing conditions is well illus- 
rated by a brief discussion of the form of organiza- 
ion devoted to one of these important matters, 
lamely, standardizing work. The first committee 
lealing with standardization was appointed in 1889 
oO prepare a table of standard wire sizes. Subse- 
juent temporary committees from time to time car- 
ied out the fundamental work of establishing stand- 
rds of performance for electrical machinery, leading 
o the establishment in 1907 of a permanent stand- 
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ards commmittee to carry on this work. This com- 
mittee developed rapidly in the scope and importance 
of its work. Moreover, with the growing interest 
of other organizations in engineering standards, 
the Institute took the lead in 1918 in promoting the 
organization of the American Engineering Standards 
Committee (now the American Standards Associa- 
tion) to bring about the closer coérdination of the 
standard work of various organizations. The de- 
velopment of the A.S.A. has led to the organization 
in 1931 of the Electrical Standards Committee, in 
which the members of the A.S.A. most directly in- 
volved in electrical standards closely coéperate, and 
to whose auspices have been transferred a consider- 
able part of the work formerly done solely under the 
auspices of the A.I.E.E. standards committee. 
Another phase of this activity is the relation of the 
Institute to international standardization. From 
the first, the Institute took an important part in 
international electrical congresses and in 1904 the 
International Electrical Congress in St. Louis was 
held under its auspices. An outcome of this congress 
was the International Electrotechnical Commission, 
which was represented in this country by a com- 
mittee of the Institute established in 1907. Sub- 
sequently, the membership of this committee was 
broadened to include representatives of other in- 
terested organizations and in 1931 its sponsorship 
was transferred to American Standards Association. 
These variations in organization arrangements 
illustrate the traditional point of view of the In- 
stitute to be ready to take the initiative in under- 
taking new activities when an evident need de- 
velops, yet retaining a flexibility for the modifica- 
tion of these arrangements and closer codperation 
with other organizations as this becomes desirable. 


RELATIONS WITH OTHER ORGANIZATIONS 


Realizing that for the broad development of en- 
gineering, and to take a proper place in the general 
activities of the country, it is not sufficient for the 
electrical engineer to work solely with those of his 
own group, the codperation of the Institute with 
numerous other organizations always has been 
recognized as desirable. This is illustrated by many 
other features of the organization, it being repre- 
sented on 27 engineering, scientific, and research 
bodies, several of which it aided in founding; through 
these, it takes part in numerous activities involving 
a wide range of engineering, scientific, and research 
projects of public importance. In the American 
Engineering Council it codperates with representa- 
tives of 20 engineering organizations in the study of 
public questions that are largely engineering in 
their nature or are of particular interest to the en- 
gineer. With 3 other national engineering societies, 
the American Society of Mechanical Engineers, the 
American Society of Mining and Metallurgical En- 
gineers, and the American Society of Civil Engineers, 
it appoints representatives who together constitute 
the United Engineering Trustees, Inc., an organiza- 
tion formed for the purpose of holding title to and 
administering the Engineering Society Building, a 
number of endowment funds, and other property. 
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This bringing together under one roof of the largest 
national engineering societies has been an important 
factor in stimulating the development of close co- 
operative relations between them. This joint or- 
ganization also maintains the Engineering Societies 
Library, a free public reference library of more than 
140,000 volumes, including many rare and valuable 
books. Through this relationship and also by direct 
appointment, the Institute participates in the ac- 
tivities of the Engineering Foundation, which was 
founded in 1914 by Ambrose Swasey “for the fur- 
therance of research in science and in engineering 
and for the advancement in any other manner of 
the profession of engineering and for the good of 
mankind.” 

Others of the 27 organizations upon which the 
Institute is represented might be mentioned, such as 
the National Research Council, the American As- 
sociation for the Advancement of Science, and the 
Engineers’ Council for Professional Development. 
However, sufficient has been said, I believe, to illus- 
trate fully the breadth and importance of these rela- 
tions with other organizations. 


AS TO THE FUTURE 


Embarking on the second half of the Institute’s 
century of progress we are witnessing a time of 
rapidly changing conditions affecting both the in- 
dividual and society as a whole. It is impossible, 
of course, to predict what further changes in our 
form of structure may develop as we enter upon the 
years ahead. However, one cannot review the his- 
tory of the Institute’s organization as we have just 
done, without being impressed with the flexibility 
it has shown in adapting itself to changing conditions, 
and we may be confident that this will continue to 
characterize the Institute in the future. As social, 
governmental, and economic conditions continue to 
change we may be assured that under the continued 
wise direction of its officers, its board of directors, 
and those in charge of the various geographical 
subdivisions and committees, the Institute’s or- 
ganization will be quickly modified and expanded 
to meet each new demand and to take advantage of 
each new opportunity for service. 
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A Group in Attendance at Past-President’s Luncheon, Swampscott, Mass., June 28, 1923 


Calvert Townley 
1919-20 


Dugald C. Jackson 
1910-11 
E. W. Rice, Jr. 
1917-18 


Charles F. Scott 
1902-3 

A. W.Berresford 
1920-21 


Harris J. Ryan 
PRESIDENT ELECT 
Ralph D. Mershon T. Commerford Martin 
1912-13 1887.8 
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Paul M. Lincoln 
1914.15 


Charles P. Steinmetz 
1901-2 
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F. L. Hutchinson 
SECRETARY 
John W. Lieb 
1904.5 
Comfort A. Adams 
1918-1919 
A. E. Kennelly 
1898-1900 


Carl Hering 
1900.1 
William McClellan 
1921-22 
Frank B. Jewett 
1922.23 
Elihu Thomson 
1889.90 
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Telegraph Men Founders of the A.LE.E. 


By Donald McNicol, Fellow A.I.E.E. 


RIOR TO the forma- 

tion of the American 

Institute of Electrical 
Engineers several electrical 
societies were operating 
locally in the large cities. 
The members of these local 
groups were engaged in the 
telegraph business, employed as teachers in colleges, 
and some were dabblers in electrical experiments. 

The need for a national organization developed 
6 or 8 months in advance of the opening of the 
International Electrical Exhibition held in Phila- 
delphia, Pa., in 1884. In the April 15, 1884, issue of 
The Operator (the principal American electrical 
journal of that time) appeared a ‘“‘call’”’ for the forma- 
tion of a national electrical society. One paragraph 
of the announcement read: ‘‘An International 
Electrical Exhibition is to be held in Philadelphia 
next autumn, to which many of the famous foreign 
electrical savants, engineers, and manufacturers 
will be visitors, and it would be a lasting disgrace 
to American electricians if no American electrical 
national society was in existence to receive them 
with the honors due them from their colaborers in 
the United States.” 

The American societies of civil, mechanical, and 
mining engineers had been in existence for some 
years, but apparently it required the spur of visita- 
tion from abroad to prompt the ‘“‘electricians” to 
undertake the formation of a national society, with 
headquarters in New York. 

In the call that was sent out another paragraph 
read: “‘It is proposed to make electrical engineers, 
lectricians, instructors in schools and _ colleges, 
inventors and manufacturers of electrical apparatus, 
officers of telegraph, telephone, electric light, burglar 
ularm, district messenger, electric time and all com- 
yanies based upon electrical inventions, as well as 
ull who are disposed to support the organization for 
the common interest, eligible to membership.” 

The call was issued for a meeting to be held in the 
‘ooms of the American Society of Civil Engineers 
m May 138, 1884. Those who subscribed their 
1ames to the invitation were: 


*, W. Jones, electrician, Bankers and Merchants Telegraph Co. 
yeorge B. Prescott, telegraph electrician. 

seorge A. Hamilton, electrician, Western Union Telegraph Co. 
serrit Smith, electrician, Western Union Telegraph Co. 

2, A. Leslie, superintendent, Baltimore and Ohio Telegraph Co. 
Norvin Green, president, Western Union Telegraph Co. 

\. W. Dimock, president, Bankers and Merchants Telegraph Co, 
N. J. Johnston, publisher, The Operator, a telegraph journal. 
‘tephen D. Field, electrician, Commercial Telegraph Co. 

». B. Delany, electrician, Multiplex Telegraph Co. 

>. V. B. Frost, superintendent, American District Telegraph Co. 
yeorge B. Scott, superintendent, Gold and Stock Telegraph Co. 
’. H. S. Small, assistant supt., Gold and Stock Telegraph Co. 

’. L. Buckingham, counsel, Western Union Telegraph Co. 

. H. Bunnell, manufacturer of telegraph instruments. 

V. C. Behrens, commissioner of underground wires. 


May 1934 


Of the 25 men who signed the original 

organization call, 21 were in the telegraph 

business, as were also the Institute’s first 2 

presidents, 2 of the initial vice-presidents, 
and 4 of the initial managers. 
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E. A. Calahan, secretary, Standard 
Multiplex Telegraph Co. 

Thomas A. Edison, inventor. 
Theodore Mace, agent, Electrical 
Supply Co. 

Thomas R. Taltavall, telegrapher. 


L. G. Tillotson, manufacturer of 
telegraph apparatus. 


In addition to these telegraph men there were 4 
other signers, namely: P. H. Vander Weyde, presi- 
dent, New York Electrical Society; Rowland R. 
Hazard, President of the Grammer Electric Com- 
pany; N. S. Keith, electrical engineer; C. O. 
Mailloux, electrical engineer. 

Prior to the general meeting of May 13, a meeting 
of the signers of the call was held in the rooms of the 
A.S.C.E., on April 15, 1884. At this meeting also 
were present: Joseph P. Davis, vice-president of 
the Metropolitan Telegraph and Telephone Com- 
pany; W. A. Hovey, president of the Merchants 
Electric Light Company, Boston; W. H. Eckert, 
general superintendent of the Metropolitan Tele- 
graph and Telephone Company; George L. Beetle, 
Western Electric Company; and T. H. Delano, 
publisher of The Electrical Review. 

At the meeting of May 13, a set of rules for the 
management of the Institute was adopted, which, 
in principle, are those that still exist. Norvin Green, 
president of the Western Union Telegraph Company, 
was elected the first president of the A.I.E.E. N.S. 
Keith was made secretary, and R. R. Hazard, 
treasurer. The vice-presidents elected were: A. G. 
Bell, Charles D. Cross, Thomas A. Edison, George A. 
Hamilton, Charles H. Haskins, and Frank L. Pope. 
The Managers elected were: Charles F. Brush, 
W. Hz. Eckert, S. D. Field, Elisha Gray, E. J. Hous- 
ton, C. L. Hillings, F. W. Jones, George B. Prescott, 
W. W. Smith, W. P. Trowbridge, T. N. Vail, and 
Edward Weston. Others present at this meeting 
included Brig.-Gen. C. H. Barney, George S. Bowen, 
and Isaac Trumbo the latter from San Francisco, Calif. 

A year after the Institute was organized Ralph 
W. Pope, who had been electrician of the Western 
Union Extension Telegraph, became secretary, con- 
tinuing in this position until the time Mr. F. L. 
Hutchinson became secretary. 

Following 1884, while the electric light, electric 
railway, telephone, and other electrical industries 
were growing to maturity, telegraph men continued 
to exercise influence in shaping the destiny of the 
Institute. So widely was this recognized that 20 
years after the organization of the Institute, at the 
time Mr. Andrew Carnegie contributed upward of a 
million dollars toward the construction of the present 
headquarters building at 33 West 39th Street, New 
York, he said to Secretary Pope: ‘‘Well! the tele- 
graph boys will now have a comfortable place to 
meet.’”” Mr. Carnegie, himself, was an ex-teleg- 
rapher. 
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The Work of the Institute in Standardization 


By A. E. Kennelly, President A.I.E.E. 1898-1900 


HE American Institute 
T:: Electrical Engineers 

has had a remarkable 
history of standardization 
activities during the half 
century that has intervened 
since its founding in 1884. 
These activities may be 
divided into 3 categories: 
(1) work on units, standard 
definitions, and nomencla- 
ture relating to _ basic 
sciences underlying electri- 
cal engineering, beginning in 1890; 
(2) work on similar projects relating 
to applied science, engineering, and 
technology, beginning in 1898; and 
(3) work on projects relating to pro- 
duction and manufacture connected 
with electrical engineering, beginning 
in 1920. It is the purpose of this 
article to offer a brief outline of those 
activities. 


First RECORDED ACTION 


The first action of the Institute in re- 

lation to standard units occurred on June 17, 
1890 (v. 7, p. 89-90!) when Prof. F. G. Crocker 
offered a resolution “‘that the name of Henry should 
be given to the practical unit of self-induction.”’ 
This resolution was adopted and a committee was 
appointed to report upon the recommended mag- 
nitude of the unit. The committee reported Janu- 
ary 20, 1891 (v. 8, p. 31) in favor of the magni- 
tude in the practical electromagnetic unit series, 
1. é.,10°c.g.s. magnetic units of inductance, a magni- 
tude already known as the “quadrant,” or the 
“secohm.”’ It is thus interesting to notice that the 
first standardization recommendation of the In- 
stitute was in favor of the name ‘“‘henry”’ for the 
practical unit of inductance. 


THE UNITS AND STANDARDS (U.&S.) COMMITTEE 


About the same date (June 1891) the Institute 
appointed its first standing committee on standardi- 
zation—the committee on “units and standards.”’ 
The members of this committee were: A. E. Ken- 
nelly, chairman, F. B. Crocker, W. E. Geyer, G. A. 
Hamilton, and G. B. Prescott, Jr. 

The U.&S. committee made its first report on June 
20, 1891, suggesting that the Institute should 
recommend to the next International Electrical 
Congress (Chicago 1893) 4 practical electro- 
magnetic units as follows: 

1. A practical unit of magnetomotive force equal to 1!/,7th 
ampere turn. 
2. Apractical unit of magnetic flux equal to 10°c.g.s. magnetic units 


1. All bibliographic references refer to A.I.E.E. TRANSACTIONS. 
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chairman of the Institute's first standardiza- 
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actively engaged not only in the standard- 
ization work of the Institute, but also in inter- 
national standardization of electrical units. 
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8. A practical unit of flux density 
equal to 10° c.g.s. magnetic units 


is recorded in per square centimeter. 


4. A practical unit of reluctance, 
in conformity with units 1 and 2. 


It was suggested also that 
appropriate names should 
be assigned to these units; 
but no names were offered. 
The report was forthwith 
accepted by the Institute 
(v. 8, p. 536). 

The Institute had also 
appointed a “‘standard wiring table 
commnittee,”’ to assign the linear resist- 
ance of standard-conductivity copper 
wire of British and American gauges 
(B.W.G. and A.W.G. or B.&S.) and 
at standard temperatures (20, 50, and 
80 deg C). The personnel was F. B. 
Crocker, chairman, G. Duncan, W. B. 
Geyer, A. E. Kennelly, G. B. Prescott, 
E. W. Rice, Jr., M. P. Roberts sams 
Ryan, W. Stanley, Jr.,andS.S. Wheeler. 
The committee presented a report in 
1893 (v. 10, p. 21-5), and prepared a 
wire table (v. 10, opposite p. 668) 
part of which is reproduced on the next page. 


INTERNATIONAL ELECTRICAL CONGRESS, 1893 


A committee also was appointed to prepare a 
provisional program for the chamber of delegates 
of the forthcoming International Electrical Con- 
gress of Chicago (1893) in regard to units, standards, 
and nomenclature. Its personnel was: Carl Her- 
ing chairman, W. A. Anthony, and A. E. Kennelly. 
The committee reported in January 1893, including 
the U.&S. committee report of June 1891 referred to 
previously (v. 10, p. 1-16). 

The Chicago congress voted against adopting 
magnetic units in the practical series, and recom- 
mended the retention of the magnetic units in the 
c.g.s. system, for the present without names. How- 
ever, the congress adopted the name ‘“‘henry’’ for 
the practical unit of inductance, at the value of 10% 
c.g.s. magnetic units. It also drew up specifica 
tions for the practical unit standards under the name 
of “international electrical units.” 

In view of the actions of the Chicago congress 
with respect to magnetic units, the U.&S. committee 
of the Institute brought in a report November i6| 
1893 (v. 11, p. 48-9), recommending the Institute’s 
provisional ‘adoption of the following 4 names foil 
CES: magnetic units; “‘gilbert” for magnetomotivd 
force, ‘ “weber”? for flux, ‘ ‘oersted”’ for reluctance, and 
“gauss” for flux density. At the first reading, the 
report was laid on the table; but at a subsequen} 
meeting, on March 21, 1894, the report was rel 
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onsidered (v. 11, p. 124) and, after 
liscussion, was provisionally adopted 
[p-els2). 

The U. &S. committee also recom- 
nended to the Institute that the 
United States Congress be urged to 
pass a bill for legislative action 
yn the international series of elec- 
tical units adopted by the Chicago 
slectrical congress (May 1894, v. 
l1, p. 189-90). This resolution was 
adopted. 

In 1894, differences of opinion 
presented themselves among the 
members of the Institute as to the 
meaning of the term “‘inductance.”’ 
With a view to securing interna- 
tional agreement! on the definition 
of this term, the U. & S. committee 
consulted the Institution of Elec- 
trical Engineers in London, the 
Société Francaise des Electriciens in 
Paris, and the Elektrotechnischer 
Verein also the Physikalisch-Tech- 
aische Reichsanstalt in Berlin. On 
the basis of the replies received, the 
U.&S. committee recommended that 
the Institute should adopt the term 
“inductance” as meaning a coeffi- 
cient of induction, with symbol L. 
The report was adopted May 1894 
(v.11, p. 253-60). The correspond- 
ing present definition of the term 
“reactance” then proposed by Doctor 
Steinmetz, also was adopted forth- 
with. 

In December 1894, the U. & S. com- 
mittee reported to the Institute (v. 
11, p. 827-9), citing the act of Con- 
gress H.R. 6,500, legalizing, in the 
United States, the international 
electrical units adopted by the 
Chicago congress. 


STANDARDS OF 
LUMINOUS INTENSITY 


On January 19, 1897 (v. 14, p. 90) 
the U.&S. committee recommended 
to the Institute that the amylacetate 
Hefner-Alteneck lamp should be 
adopted temporarily as standard of 
luminous intensity or candlepower, 
under standard specifications. The 
sommittee recommended also that 
the Lummer-Brodhun photometer 
screen be adopted for measuring the 
mean horizontal intensity of incan- 
descent lamps, the lamp being ro- 
tated about its vertical axis at a 
speed of about 2 turns per second. 
[t was recommended further that 
the mean spherical candlepower of 
1 lamp should be used as far as 
practicable. 
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AMERICAN 


Standard copper wire table of linear resistivity prepared by an Institute 


COPPER WIRE TABLE. 


Giving weights, lengths, and resistances of cool, warm, and hot wires, of Matthiessen’s standard conductivity, for both A. W. G. (Brown & Sharpe) and B. W. G. 


GAUGES 


RESISTANCE. 


LENGTH. 


WEIGHT, 


To the nearest fourth significant digit. 


0.000257. 


aon 
E 22 
8 se 
2 | 833 
“ ® 6660 
nat 
g 3) Ss $ 
3 % wy) 
Pe 
n » 
& CS) 606 
° aia) 
3 | ose 
°° rwow 
2 | BEE 
a 
© 666 
: ao 
| Se 
OC sg 
6: 8 
. 660 
PO ee 
oO BAS 
ic 3) 5 
& | & He 
: % 666 
£ © 
S) 
SB Boo 
‘ 8 
5 666 
3) 
S 0° 
2 | 333 
© SNS SF 
g 
So ro) 
i=) ° 0° 
¢ % | $88 
sp © one 
3 ee 
kK 
oO 
A 
g $8 i 
S) Qiens 
5 SSé 
eo ee 
28 
o 
& 
iS) 
- 
9° 
en oo 
i) Bok 
ggs 
8 
= . 
o) 3S) 
La °o 
& wh oom a 
s © | &&38 
fo eo 
(3) 
% 
s joes] 
© | $83 
NG) 
5 
isa 
ae e238 
aw SoS 5 
tal ooo 
a 
s aa 
o 3 
Suite pal eeae 
7) =88 
aan 
i a 
sg = + 
az | ¢ | $38 
E — ooo 
o “ 
Soveait 12° 
fa) Gi 
8 é 
z | @ | § 
< fos) 


2.200 bi faene 


20,650 
21,010 


| 


0.00005824 | 


wed 


1.359 Lie 


Leguy 


1.545 
1.519 


0.006060% 5 


we 


W0099 
0.00006 454 


0.00007 404 
0.000072TO 


0.000048 43) 
0.00004759) 


av. 
15.72 


0.003965 
0.003531 
0.003145 


22,000 


34,980 


0.9726 
90-7713 


1.078 
0.8548 


1.204 


26,500 
335410 


0.00003671 
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0.00004545 
0.00002559 
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0.00002309 


0.0000299 3 


Resistance in terms of the international ohm. 
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I 


The data from which this table has been computed are as follows :—Matthiessen’s standard resistivity, Matthiessen’s temperature coefficients, specific gravity of copper = 8.89. 
cients of resistance for 20% C., 50° C., and 802 C 


Matthiessen’s standard 1 metre-gramme of hard drawn copper = 0.1469 
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» representing an arithmetical degree of 
= 0.4600 inch and No. 36 = 0.005 inch, the nearest fourth 


€ correct to within half a unit 


ammes. 
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es in the table are carried to the fourth signi 
e partintwothousand. T 


accuracy of at least on 


It is to be Pon dae pean Rey pet poesia standard of resistivity may ‘be permanently recognized, the temperature coefficient of its variation which he introduced, and which is here used may in future undergo slight revision. 


Although the entri 


Temperature coeffi 


retained in the areas and diameters so deduced. 
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COMMITTEE ON STANDARDIZATION 


Concurrent A.I.E.E. meetings were held in New 
York and Chicago (January 26, 1898, v. 15, p. 2-32) 
devoted to the topical discussion of ‘The Standardi- 
zation of Generators, Motors, and Transformers,” 
led by F. B. Crocker in New York, and B. J. Arnold 
in Chicago. As a result of these discussions, the 
A.I.E.E. council shortly afterward appointed a 
“committee on standardization” with the following 
membership: F. B. Crocker, chairman, C. T. 
Hutchinson, A. E. Kennelly, J. W. Lieb, C. P. 
Steinmetz, L. B. Stillwell, and E. Thomson. The 
influence of this committee in electrotechnics and 
engineering has been so important down to the pres- 
ent day that a brief account of its aims should be 
given here. The policy of the committee originally 
planned has remained fairly uniform throughout, 
as an inspection of its various successive reports 
will show. 

The committee sought to avoid all standardization 
of sizes or dimensions of electrical machinery. It 
aimed to define and state in as simple language as 
practicable, the nature, characteristics, behavior, 
rating, and methods of testing of electrical ma- 
chinery and apparatus, particularly with a view to 
setting up acceptance test standards for electrical 
industry. 

The first report of the standardization committee 
was adopted by the Institute June 26, 1899 (v. 16, 
p- 255-68); it also was printed in the A.I.E.E. 
handbook for 1900, p. 124-36. It included the 
following subject headings: Efficiency, Rise of 
Temperature, Insulation, Regulation, Variation and 
Pulsation, Classification of Voltages, Overloads, etc. 
There was a considerable demand for the report in 
the industry from the date of its first appearance, 
and some 900 copies had been distributed by May 
17, 1900 (v. 17). A second report of the standardi- 
zation committee, revised and enlarged was pre- 
sented at the A.I.E.E. convention in Great Barring- 
ton, Mass., June 20, 1902 (v. 19, 1902, p. 1076-91). 
After 1902, the successive reports of the committee 
were reprinted under the title “Standardization 
Rules of the A.I.E.E.”’ When the A.I.E.E. con- 
stitution was amended in May 1907, the standardiza- 
tion committee was established as a standing com- 
mittee of the Institute, and its name was changed 
to the ‘‘standards committee,’’ which it remains to 
the present day. 


INTERNATIONAL ELECTRICAL CONGRESS 
AT Paris, 1900 


The units and standards committee recommended 
to the Institute May 17, 1900 (v. 17, 1901, p. 309- 
18) that at the forthcoming Paris congress, names 
should be advocated for 4 c.g.s. magnetic units 
provisionally adopted by the Institute in November 
1893; also the principle of prefixes for them. The 
committee also recommended that the question of 
rationalizing them should be discussed. The com- 
mittee report was adopted for presentation to the 
congress. 

At the Paris congress, the chamber of delegates 
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limited consideration to 2 c.g.s. unit names only 
the ‘‘maxwell” and the ‘‘gauss.”” The name “max 
well’ was assigned to the c.g.s. unit of magneti 
flux, ®, in accordance with A.I.E.E. recommenda: 
tion; but there was some misunderstanding as to th 
unit receiving the name “gauss.” The A.I.E.E 
delegates believed that it had been adopted for flu 
density, B, as adopted provisionally by the Institute 
in 1893, and as advocated by them at Paris. They 
reported to the Institute in November 1900, that the 
name ‘‘gauss’ had been adopted for flux density, F 
(v. 17, p. 543-7); but the official minutes of the 
congress, published in 1901, showed that the name 
“gauss’’ had been assigned to magnetic field inten 
sity, H. In the English text of the congress pre 
liminary report printed in the A.J.E.E. Transac 
TIONS (v. 17, p. 552) “‘gauss’’ for field density was 
also ambiguous. This accidental misunderstanding 
led subsequently to considerable confusion in mag- 
netic literature. 


ESTABLISHMENT OF THE U.S. 
BUREAU OF STANDARDS 


The Institute endorsed in 1901 (v. 17, p. 615) 
bills then before the U.S. Congress for establishing 
a national standardizing bureau at Washington, 
D. C., “for the construction, custody, and com- 
parison of standards used in scientific and technical 
work.”’ This bureau, created shortly afterward, 
came to be known as the National Bureau of Stand- 
ards, and has exerted a marked influence on science, 
engineering, and industry. Close connection has 
been maintained between the Institute’s committees 
and the Bureau of Standards. 


INTERNATIONAL ELECTRICAL CONGRESS 
oF St. Louis, 1904 


The St. Louis congress was notable in the history 
of the Institute’s work of standardization as being 
the last electrical congress held in America, and as 
having taken actions in its chamber of delegates 
that completely changed the procedure of inter- 
national electrical congresses since 1904, in reference 
to electrical units and standards. 

The congress met September 12-17, 1904, close 
to the Exposition buildings. The work was dis- 
tributed under 8 sections, 2 for theory and 6 for 
applications. There were 3 volumes of trans- 
actions, containing 158 papers. The organization 
was prepared by the Institute. The president was 
Prof. E. Thomson; honorary vice-presidents: As- 
coli, Crompton, Glazebrook, Gonzales, Gray, Lom- 
bardi, Perry, and Poincaré; vice-presidents: Arnold, 
Carhart, Goldsborough, Scott, and Stratton; general 
secretary, Kennelly; and treasurer, Weaver. 

The chamber of delegates, in which 11 countries 
were represented, decided that it would not be 
desirable to undertake international standardiza- 
tion by the St. Louis congress. It unanimously 
recommended, however, that 2 international com: 
missions should be established: (1) to consist of 
government representatives charged with the lega. 
maintenance of electrical standards in the various 
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ountries, to deal with such units and standards; 
nd (2) to consist of representatives of various 
ational electrotechnical societies, to deal with the 
tandardization of electrical apparatus and ma- 
hinery. These recommendations were adopted. 

Commission 1 later came into operation as Inter- 
ational Conferences on Electrical Units in 1905 
t Berlin, and again at London in 1908. The last 
amed was attended by government delegates from 
4 countries. Important standardization work was 
ccomplished at these conferences in reference to the 
naintenance of precise standards of legalized elec- 
rical units. In pursuance of this work, an inter- 
ational technical committee from the national 
aboratories of France, Germany, Great Britain, 
nd the United States, met at Washington in 1910. 

In October 1933, the Eighth International Con- 
erence of Weights and Measures at Sévres, adopted 
,. resolution assuming the continuation of the London 
onference of 1908. In that sense, therefore, com- 
nission 1 organized at the St. Louis congress of 
904, may be regarded as maintaining a continued 
xistence. 


NTERNATIONAL ELECTROTECHNICAL COMMISSION 


Commission 2 organized at the St. Louis congress 
ater came into operation as the International Elec- 
rotechnical Commission (I.E.C.). It was organized 
n 1905, under the auspices of Col. R. E. Crompton, 
vho was an honorary vice-president of the St. Louis 
ongress. Mr. C. Lemaistre was appointed its gen- 
ral secretary, with offices at 28 Victoria St., London. 
fhe first meeting of the I.E.C. was held at London, 
or organization, in 1906, when Lord Kelvin was 
lected the first president. 

The I.E.C. is maintained by some 25 countries, 
ach of which has a standing national committee 
vith local officers. The work is divided among 18 
echnical advisory committees, holding meetings from 
ime to time and reporting their decisions at succes- 
ive general conventions. There have been 19 of 
hese general conventions to date, in the cities of 
sondon (1906, ’08, 719, and ’24), Brussels (1910 
nd ’20), Cologne (1911 and 713), Turin (1911), 
aris (1912, °19, and ’23), Zurich (1913), Berlin 
1913), Geneva (1922), The Hague (1925), New 
York (1926), Bellagio (1927), and Copenhagen- 
stockholm-Oslo in 1930. 

The Institute has taken an active share in the 
naintenance of the U.S. national committee, and 
fter 1908 kept a standing I.E.C. committee the 
hairmen of which have been F. B. Crocker, 
*. Thomson, C. O. Mailloux, A. E. Kennelly, D. C. 
ackson, and C. H. Sharp. The international 
residents have been Kelvin, Thomson, Budde, 
eblanc, Mailloux, Semenza, Feldmann, and En- 
trom. There have been 3 honorary presidents: 
Mailloux, Crompton, and Semenza. Among the 
dvisory committees are those on the rating of 
lectrical machinery, glossary of terms, units, sym- 
ols, voltages, etc. 

The U.S. national committee of the I.E.C. in- 
ludes representatives of the Institute, the American 
jociety of Mechanical Engineers, the American 
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Society for Testing Materials, the Electrical Manu- 
facturers Association, several departments of the 
U.S. government, and the American Standards 


Association, the secretary of which, Dr. P. G. 


Agnew, is also secretary of the U.S. national com- 
mittee of the I.E.C. . 

The standardization work of the I.E.C. and of its 
constituent national committees is basically in elec- 
trical engineering; however, owing to the close 
association of steam engines and hydraulics with 
electric generation, some I.E.C. technical com- 
mittees deal with fields of mechanical and civil 
engineering, such as turbines and ratings of rivets. 

Since the Bellagio meeting of 1927, the I.E.C. 
has taken steps to standardize the names and defini- 
tions of the c.g.s. magnetic units. Section B of 
advisory committee No. 1 for nomenclature on 
“electric and magnetic magnitudes and units” 
(E.M.M.U.) has held meetings at Stockholm (1930), 
London (1931), and Paris (1933) at which certain 
conventions have been recommended for eliminating 
ambiguity and confusion in international magnetic 
literature (I.E.C. Documents R.M. 77, 97, and 105). 
In this undertaking, the aid of the International 
Union of Pure and Applied Physics has been invoked, 
through that union’s committee on symbols, units, 
and nomenclature (S.U.N.) which held a meeting 
at Paris in July 1932, devoted to the same topics. 

At the Turin meeting of the I.E.C. in 1911, unani- 
mous agreement was reached on the standard direc- 
tion of phase advance in vector diagrams, and on the 
standard direction of inductive reactance in im- 
pedance vector triangles (R + 7X) (v. 30, 1911, p. 
2300): 

Since 1911, the I.E.C. has been recognized as 
granting authorization for holding international elec- 
trical congresses. No such congresses have under- 
taken to establish new electrical units. 


INTERNATIONAL COMMISSION ON ILLUMINATION 
(COMMISSION INTERNATIONALE DE L’ECLAIRAGE) 


This international body was the successor of the 
Commission Internationale de Photometrie, and has 
national committees in 15 countries. Its first meet- 
ing was at Berlin in 1913. Its central office is at 
the National Physical Laboratory, Teddington, 
England. Since 1913, the A.I.E.E. has appointed 
3 representatives each year to the U.S. national 
committee of the I.C.I. The last meeting of the 
Commission was held at Cambridge, England, in 
1931. 

The I.C.I. undertakes to establish units, standards, 
and nomenclature in the science and technology of 
light and illumination. The president of the U.S. 
national committee is E. C. Crittenden, at the 
U.S. Bureau of Standards, and the secretary is G. H. 
Stickney, at Nela Park, Cleveland, Ohio. 


AMERICAN STANDARDS ASSOCIATION (A.S.A.) 


This organization, formerly the American Engi- 
neering Standards Committee (A.E.S.C.), has been 
aptly described as a ‘‘national clearing house for 
industrial standardization.” It is composed of a 
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number of engineering societies, manufacturing 
associations, and operating or consumers associa- 
tions. Its main purposes are to simplify and stand- 
ardize production and construction, with the elimi- 
nation of overlapping, reduplication, and waste. 
By establishing standards in sizes, specifications, 
and tests, it enables marked economies to be effected 
in manufacture and service. The A.E.S.C. was 
organized in 1919. In recent years, its name has 
been changed to the American Standards Associa- 
tion (A.S.A). Since 1920, the Institute annually 
has appointed representatives on the council of the 
A.S.A. The headquarters of the A.S.A. are in the 
Engineering Building, New York, N. Y., and its 
secretary is Dr. P. G. Agnew. 


SCIENTIFIC AND ENGINEERING 
SYMBOLS AND ABBREVIATIONS 


The Institute took part in standardizing engineer- 
ing symbols and abbreviations in 1926, under the 
auspices of the American Standards Association. 
Other sponsoring bodies were the American Associa- 
tion for the Advancement of Science, the American 
Society of Civil Engineers, The American Society 
of Mechanical Engineers, and the Society for the 
Promotion of Engineering Education. The chair- 
man of the section committee was Dr. J. F. Meyer, 
and the secretary was Mr. P. S. Millar. Nine sub- 
committees were formed to cover different depart- 
ments of the work. The subcommittee on mathe- 
matical symbols (project Z10f) had 14 members 
and Prof. E. V. Huntington was the chairman. 
This work was approved by the A.S.A. in January 
1928. For purposes of amplification and revision 
the original committee is being continued but with 
some subdivision and reorganization of both scope 
and personnel. 


STANDARD DEFINITIONS OF ELECTRICAL TERMS 


The Institute was made sponsor for a glossary of 
electrical engineering terms, under the auspices of 
the A.S.A. in 1928. Some 30 scientific and engineer- 
ing societies and organizations are represented on 
the sectional committee, the chairman of which is 
Prof. A. E. Kennelly, and the secretary, Mr. H. E. 
Farrer. The committee is divided into 18 subcom- 
mittees with the following chairmen: Messrs. H. L. 
Curtis, C. V. Christie, R. C. Sogge, H. E. Ruggles, 
fi) james.) Meyer, Cy HH. Sanderson; Je. i: 
Davis, E. B. Paxton, F. M. Farmer, C. H. Sharp, 
G. W. Vinal, W. H. Martin, H. Pratt, M. G. Lloyd, 
and W. Wilson. 

The personnel includes a total of about 120 mem- 
bers; including the experts consulted in the work, a 
personnel of more than 300 members are engaged. 
The numerical classification adopted was by group, 
section, and term numbers, designed to correspond 
with those proposed by the nomenclature of the 
International Electrotechnical Commission. 

The sectional committee brought in a report which 
was printed by the Institute in August 1932. This 
report included more than 3,000 terms. The pub- 
lished report is in process of amendment and ampli- 
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fication prior to being submitted for acceptance by 
the codperating organizations and the American 
Standards Association. 


SUMMARY 


It has been pointed out that almost from its 
foundation 50 years ago, the Institute has actively 
engaged in standardization. It has done this 
through appointing many of its members to service 
on committees of standardization, and by expending 
a very appreciable share of its revenue on the 
publication of the results. It also has fostered many 
papers and discussions. 

The Institute’s standardization work may be 
divided into 3 categories: 


1. Work on units, standards definitions, and nomenclature relat- 
ing to basic sciences underlying electrical engineering. 


2. Work on similar projects relating to applied science, engineering, 
and technology. 


3. Work on projects relating to production and manufacture con- 
nected with electrical engineering. 


These 3 classes of standardization may briefly be 
called: (1) basic, (2) technical, and (3) manufactur- 
ing standardization. Each is so important to the 
welfare of engineering, that the question of their 
relative importance to the Institute becomes in- 
significant. 

1. The Institute’s basic standardization, relating 
mainly to the sciences of physics, chemistry, and 
mathematics, has been carried on in large measure 
through the International Electrotechnical Com- 
mission (I.E.C.) and the International Commission 
on Illumination (I.C.I.), such work being mostly of 
an international character. It also has carried on 
such work through international electrical con- 
gresses, and through special committees of its own 
and allied societies dealing with basic subjects. 

2. The Institute’s technical standardization, re- 
lating to engineering practice, has been carried on 
largely through its standards committee, which was 
appointed in 1898 and is still actively at work. It 
has dealt principally with standard definitions, be- 
havior, and tests of energy transporting and trans- 
forming machinery and apparatus, as used in the 
various branches of electrical engineering. 

3. The Institute’s share in manufacturing stand- 
ardization, relating mainly to economical production, 
has been conducted principally through the Elec-' 
trical Standards Committee, an organization repre-' 
senting the entire electrical industry, and the Ameri-: 
can Standards Association (A.S.A.), an organization! 
representing all industries connected with engineer- 
ing. 

It is interesting to observe that the Institute’s 
basic standardization was first in order of develop-' 
ment, going back to 1890. Its technical stand-' 
ardization came next, the standards committee 
having been appointed in 1898. The participation 
in manufacturing standardization did not take effect 
until about 1920. There is every reason to expect 
that the Institute’s future will be as closely as-! 
sociated with standardization along all 3 lines, as 
has been its past. 
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The Institute and Industrial Standardization 


By C. E. Skinner, President A.I.E.E. 1931-32 


URING the 36 years 
since its conception, 
the standards com- 

nittee of the American In- 
stitute of Electrical Engi- 
neers has rendered a most 
signal service to American 
lectrical industry and to 
the world. Brought into 
eing in a spirit of codpera- 
‘ion, then unusual in indus- 
ry, it has continued as an 
uency in bringing all 
sarties at interest together 
n sincere efforts to arrive 
ut mutually satisfactory 
inderstandings. Its goal 
1as ever been to reach the ideal and it 
1as uncompromisingly followed this 
deal when fundamental principles were 
it stake. It has always sought to com- 
xine the ideal with the practical in its 
sonsideration of those problems which 
lave a commercial bearing and which 
lo not permit an exact solution. 

A roster of its members through the 
years includes many names of men 
snown throughout the world for their 
sontributions to almost every phase of 
the electrical art. A large percentage 
of the men who have attained the 
residency of the Institute have served as earnest 
working members. Its rules, promulgated from 
ime to time and changed as became necessary with 
he developing industry, have exerted a profound 
nfluence in shaping and guiding the industry, 
ind this influence has extended into all industrial 
‘ountries. Its example and accomplishments 
lave influenced standardization in many other 
ields. 

On January 26, 1898, at a New York meeting of 
he Institute, Dr. Francis B. Crocker, then president, 
ntroduced a general discussion on ‘“The Standardiz- 
ng of Generators, Motors, and Transformers.” <A 
rery spirited discussion ensued, the general idea of 
stablishing standards being highly commended by 
ll who took part. Those participating in this dis- 
uission were: E. W. Rice, Jr., W. A. Mosscrop, 
Robert T. E. Lozier, A. E. Kennelly, Townsend 
Nolcott, Cary T. Hutchinson, John W. Lieb, Jr., 
sano S. Dunn, H. B. Coho, Frank A. Pattison, F. V. 
Jenshaw, N. M. Hopkins, Charles P. Steinmetz, 
*. O. Mailloux, and Max Osterberg. Simultaneously 
discussion was held in Chicago on the same subject; 
hose participating were: B: J. Arnold, a Mr. Meyer, 
.R. Cravath, a Mr. Hickok, George A. Damon, and 
rof. W. M. Stine. In addition to the discussions 
t these 2 meetings, a written discussion was com- 
nunicated to A.I.E.E. headquarters (and published) 


standings. 
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The Institute’s standardizing committee, 
which has been in existence for 36 of the 
Institute's 50 years, was the first official 
group representing designers, manufac- 
turers, and operators of electrical apparatus 
in a joint effort to arrive at mutual under- 
These cooperative efforts have 
been continued until today the Institute 
holds a major place in the formulation and 
approval of electrical standards in the United 
States and has an important role to play in 
international electrical standardization. 
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by Prof. Charles F. Scott. 
As a result of this dis- 
cussion, the board of di- 
rectors voted to organize 
a standardizing committee, 
and the members of the 
first committee were ap- 
pointed on March 23, 1898. 
There is no more outstand- 
ing group of men in the In- 
stitute membership than 
that group. With one ex- 
ception, each has served 
the Institute as its presi- 
dent, and all have received 
world-wide recognition in 
the electrical field. This 
first committee consisted of the follow- 
ing: 
Francis B. Crocker, chairman 
Cary T. Hutchinson 
Arthur E. Kennelly 
Charles P. Steinmetz 
Elihu Thompson 


John W. Lieb 
Lewis B. Stillwell 


This first committee wisely confined it- 
self to establishing standards of per- 
formance for electrical machinery and 
apparatus, leaving the manufacturer 
and the user free to secure that per- 
formance by any design and construction found 
desirable. Definitions and nomenclature were a 
necessary part of its first report. Fundamental 
units so far as established were accepted as the basis 
of measurements. This general policy has been 
adhered to through the years regardless of the many 
changes in the personnel of the committee. 


BITTER RIVALRY IN EARLY ELECTRICAL INDUSTRY 


It should be remembered that at the time of or- 
ganization of the committee, there was intense and 
even bitter rivalry in the electrical industry. The 
battle of the systems was stillin progress. Different 
groups advocated different frequencies for the al- 
ternating current field. Transmission voltages were 
undergoing a constant revision and change. No 
temperature limits were set, and the method of 
measuring temperature was not fixed. The method 
of designating rating varied with the product. No 
established standard for dielectric tests was in force. 
Methods of measuring efficiency were in a very 
nebulous state. There was much confusion in con- 
nection with methods of measurement and test. 
Many honest differences of opinion were being de- 
bated with great vigor in the various meetings of the 
Institute. Commercial rivalry resulted in a multi- 
tude of terms and specifications used and issued by 
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individual groups. Frequently users of electrical 
equipment had no means of comparing tenders from 
different manufacturers as these often were couched 
in terms of the manufacturer’s own choosing. 

This standardizing committee was, therefore, the 
first official group representing designers, manufac- 
turers, users, and operators to sit around the table 
and try to arrive at mutual understandings which 
would provide a common language, and place all 
engineers, manufacturers, purchasers, and operators 
on a common and understandable footing. 


THE INSTITUTE’S 
First REPORT ON STANDARDIZATION 


The first report of the original committee was 
accepted by the Institute at its meeting in June 
1899. This report is a remarkable document, bring- 
ing together as it did, authoritative statements 
agreed to by this eminent body of men and their 
advisers on the major items which since have be- 
come the groundwork of all our electrical standardi- 
zation. This first report dealt with the following 
subjects: 


1. Efficiency. 
(a) Commutating machines. 
(b) Synchronous machines. 
(c) Synchronous commutating machines. 
(d) Rectifying machines. 
(e) Stationary induction apparatus. 
(f) Rotary induction apparatus. 
(g) Transmission lines. 


Classification of voltages and frequencies. 
Overload capacities. 
Appendices. 
(a) Efficiency. 
(b) Apparent efficiencies. 
(c) Power factor and inductance factor. 
(d) Notation. 
(e) Table of sparking distances. 


2. Rise of temperatures. 

3. Insulation. 

4. Regulation. 

5. Variation and pulsation. 
6. Rating. 

ie 

8. 

9. 


This report was not made mandatory in the elec- 
trical industry but was recommended for trial. 
Manufacturers and users alike welcomed this at- 
tempt to end the chaotic conditions that previously 
had existed. Experience gained in application of 
the standards and further developments in apparatus 
and methods, showed the necessity of revision. A 
committee was appointed which, after consultation 
with manufacturing and operating engineers, pre- 
sented the first revised report on standardization 
rules of the A.I.E.E. in June 1902. 

The rapidly growing and changing electrical art 
made revision of the rules necessary from time to 
time. A second revision was presented in May 1906 
and a third in June 1907. By this time, the very 
great importance and value of standardization be- 
came recognized throughout the whole industry and 
a standing committee with the title of “standards 
committee of the A.I.E.E.”’ became effective in the 
constitution June 1907. The scope and work of the 
committee necessitated increasing the number of 
members from time to time until in 1922 there were 
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37 members divided into a number of subcommittees 
specializing on various subjects. Up until this 
time the standards rules, as developed by the stand- 
ards committee and adopted by the board of direc- 
tors, were published in a single volume. Nine such 
volumes have been issued, each with certain revisions 
and additions as were necessitated by experience and 
by the changing electrical art. 

Because of the increased complexity of the stand- 
ardization work and its extension into many fields, 
each requiring revision from time to time, it was 
decided in June 1922 to change the general plan of 
operation and to organize working committees, 
including non-Institute members, to deal with spe- 
cific subjects. These working committees reported 
their findings to the main standards committee, 
which had final jurisdiction over the reports. It was 
further decided that the standards for each subject 
should be published separately, in each case the 
standard so published to be complete in itself. This 
division of the standards into specific subjects has 
simplified very greatly the process of keeping them 
revised and up to date. The work has continued 
until at present there are more than 40 sections of the 
standards each in separate pamphlet form. Very 
recently the plan of grouping those of the same gen- 
eral class has been proposed. As revisions now are 
less frequent, this would make for economy and 
convenience. 


A.I.E.E. STANDARDS WIDELY ACCEPTED 


Because of their intrinsic worth, the A.I.E.E. rules 
from the first have been generally accepted by all 
branches of the American electrical industry as the 
standards governing the performance, method of 
test, and application of electrical apparatus and 
equipment. These results were not achieved, how- 
ever, without a very great amount of discussion, 
trial, test, and compromise. The difficult subject 
of rating was discussed, debated, and even fought 
over for years. It is difficult to determine the exact 
limitations of the capability of a machine in any 
given service, and as similar machines often are re- 
quired to perform in a multitude of different ser- 
vices, the subject of rating becomes very complicated. 
Many tests were made and many different opinions 
were debated in the attempt to arrive at a practical 
solution and agreement on this difficult question. 
Again, the temperatures that insulating material of 
various classes will withstand without serious deteri- 
oration is almost impossible to evaluate with any. 
exactness. The final figures adopted are the results. 
of many tests in the laboratory and long experience 
in the field. | 

The methods of measuring the actual temperature 
of an electrical machine present many difficulties.: 
Thousands of man-hours have been spent in tests,, 
measurements, and debates on this subject. Even 
the apparently simple measurement of temperature 
by thermometer proved a very difficult subject, and 
rigid rules were required to enable different observers 
to obtain reasonably consistent results. Measure- 
ment of temperature by change of resistance ol! 
windings also presents difficulties; and as the re. 
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ults give the average temperature only, the actual 
ottest spots never are found by this method. 

These difficulties led the standards committee to 
eek an accurate method of locating and measuring 
he maximum temperature reached at any point in 
he windings, particularly of large and important 
nachines and apparatus. This resulted in the de- 
elopment of internal temperature detectors by 
mbedded resistance coils and thermocouples. 
\gain, much experimental work and many debates 
vere required before exact rules and limitations 
ould be agreed to by the various parties at interest. 
verload capacities for various services and the 
nethod of measuring such capacities is another 
hase of standards work that required much atten- 
ion. 

Dielectric tests and methods of making them 
ave taken much time and attention, and have re- 
juired many changes with experience and the 
hanging designs and requirements from year to 
rear. The measurement of test voltages has been 
he subject of much experimental work by the best 
quipped laboratories of both America and Europe. 
‘he measurement of efficiency has been one of the 
nost difficult phases of the work, and it is only 
vithin recent months that the formulation of a test 
ode on this subject has reached a point where it 
ould be submitted for general approval. 


NTERNATIONAL STANDARDIZATION 


The International Electrotechnical Commission, 
vhich is the international standardizing agency in 
he electrical field, was organized largely through 
he suggestion of Colonel Crompton of England, 
ollowing a conference of various ‘‘nationals’”’ at the 
t. Louis Exposition in 1904. For a number of 
ears, the A.I.E.E., and particularly its standards 
ommittee, operated as the United States representa- 
ive of the I.E.C. From time to time delegates 
vere sent by the A.I.E.E. to meetings of the I.E.C. 
n Europe, with the object of bringing about inter- 
ational electrical standardization. If the work 
f the standards committee of the A.I.E.E. was beset 
vith many difficulties, to these were added many 
thers when international standardization was at- 
empted. These added international difficulties are 
lue to such things as fundamental developments 
long different lines in different countries; differ- 
nces in language, difference in methods of adminis- 
ration, and many others. However, considerable 
ogress has been made through the work of this 
ommission so that there is now at least a common 
anguage available for the discussion of electrical 
natters in the various industrial countries. Special 
redit should be given to the late Dr. C. O. Mailloux 
nd to Dr. A. E. Kennelly, Institute representatives 
t many international meetings, who were especially 
ctive and effective in the organization and in the 
haping of the policies of the I.E.C. 

Due to the requirements of the constitution of the 
.E.C. and the recognized desirability of bringing 
ll American parties of interest into the interna- 
ional work, the United States Committee of the 
.E.C. was enlarged to include the National Electric 
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Light Association and the National Electrical Manu- 
facturers Association; later the work was broadened 
still further and representatives of the American 
Society of Mechanical Engineers and the American 
Society for Testing Materials were added to the 
United States committee membership. With in- 
creased personnel, increased funds, and increased 
enthusiasm, the work of the I.E.C. has gone forward 
so that there is now agreement in many important 
matters in all industrial countries in the electrical 
standardization field. 


AMERICAN STANDARDS ASSOCIATION 


Delegates to European conferences of the I.E.C. 
in the early days frequently were called upon to state 
which were the authoritative American standards. 
This question arose from the fact that other groups, 
such as the National Electrical Manufacturers 
Association, had adopted certain standards, some- 
times overlapping but usually covering a some- 
what different field from those promulgated by the 
A.I.E.E. These questions emphasized the desir- 
ability of establishing an authoritative organization 
composed of the standard making bodies of the 
United States which would be empowered to pass 
upon and to certify those standards which had the 
adherence of all interested organizations and which, 
therefore, could be considered as truly American 
standards. The A.J.E.E. through its standards 
committee was very glad, therefore, to codperate 
with the suggestion that such an authoritative body 
be formed. This brought into being the American 
Engineering Standards Committee, later designated 
as the American Standards Association. The A.E. 
S.C. was organized by appointed representatives of 
the 4 national societies of civil, mining, mechanical, 
and electrical engineers, and the American Society for 
Testing Materials. The original plan of operation, 
which has been adhered to consistently, provided 
that the A.S.A. should be a standards approving 
body and not a standards making body. Its rules 
provide for an orderly method of ascertaining 
whether or not a proposed standard is acceptable 
to all major parties at interest, and if so, giving it 
the stamp of approval as an American standard. 
From time to time additional groups have joined the 
A.S.A. so that it now consists of 37 member body 
groups made up of technical and trade associations 
and Federal Government departments. 

The following 2 paragraphs regarding the organi- 
zation and direction of A.S.A. and its relations with 
coéperating bodies are found in the American Stand- 
ards Year Book, 1932-33, p. 8: 


“The general direction of A.S.A. affairs is in the hands of a Board 
of Directors made up of nationally known industrial executives, 
while the final approval of standards that have been duly submitted 
by technical committees rests with the Standards Council, composed 
of representatives of all Member-Bodies of the Association. The 
details of the Association’s work are handled by a staff of trained 
workers, including engineers who have had practical industrial 
experience.” 

‘Any organization officially coéperating in A.S.A. work is called a 
coéperating body as soon as it appoints a representative on a tech- 
nical committee, or on a committee doing equivalent work. About 
475 national organizations are officially codperating in A.S.A. activi 
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ties in this way through 2,700 technical experts appointed as their 
representatives.” 


ELECTRICAL STANDARDS COMMITTEE 


After much debate and the consideration of many 
plans looking to a satisfactory method of codpera- 
tion with and adherence to the A.S.A., the A.I.E.E. 
participated with other electrical groups in the or- 
ganization of an Electrical Standards Committee 
(E.S.C.) representative of all American electrical 
industry. The functions of the E.S.C. as outlined 
recently by its chairman, Charles Rufus Harte, are 
as follows: 


1. Advisory committee to the standards council (of A.S.A.) for the 
coérdination of standardization work in the electrical field under any 
recognized procedure of the American Standards Association, 
with the right to determine questions of sponsorship, scope of 
projects, and the personnel of sectional committees. 


2. Sponsor for projects on behalf of the electrical industry. 


3. Sectional committee for the electrical industry, under E.S.C. 
sponsorship (as provided above). In such cases the formulation of 
standards may be done by the E.S.C. itself, or by delegation to ap- 
propriate working committees at the discretion of the E.S.C. 


4. The codrdinating medium for American participation in inter- 
national standardization work within the electrical field. 


5. Representative of the electrical industry in the case of projects 
which involve other industrial as well as the electrical industry, to 
the extent of determining or recommending a sponsor to act for the 
qualified and interested groups, or, where the interests of the elec- 
trical industry do not warrant sponsorship, to recommend the de- 
gree of coéperation desirable in the particular project. The vote of 
the E.S.C. required on such actions is determined by their relation 
to actions under the previous classifications. 


The E.S.C. is therefore the connecting link be- 
tween A.S.A. and all groups interested in electrical 
standardization. The A.I.E.E. still maintains its 
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standards committee which develops or passes upon 
all new standards of specific interest to the Institute 
group and is the medium for the revision of standards 
previously adopted by the Institute. New stand- 
ards originating either within Institute groups or 
referred to the Institute through E.S.C. are dealt 
with by the standards committee. When sponsor- 
ship is assigned to the Institute, the standards com- 
mittee becomes the executive group to carry out the 
codperative work required in the formulation of the 
new standard. Standards formulated within the 
Institute for which “‘American Standard”’ status is 
desired, are submitted to the E.S.C., which in 
turn makes its recommendation to the A.S.A. in re- 
gard to their status as American standards or 
tentative standards. 

The present arrangement for the initiation, the 
formulation, and approval of electrical standards 
has been arrived at only after much debate, con- 
sideration of the method of other organizations and 
evolution from the original self-contained A. I. E. E. 
standards committee. The present scheme of an 
electrical standards committee representative of all 
major interest tying in with the work of specific 
groups, such as A.I.E.E. standards committee on 
the one hand, and acting as advisory to A.S.A. 
seems to be the most flexible and satisfactory ar- 
rangements yet evolved in the making of American 
standards. The Institute holds a major place in 
the formulation and approval of electrical standards 
in the United States and has an important réle to 
play in future international electrical standardiza- 
tion. It has reason to be proud of its standardization 
work of the past, and the present cordial codperative 
arrangements assure a harmonious and satisfactory 
part in the electrical standardization of the future. 


a 


A picture taken at Schenectad) 
N.¥., September 24, 1897, during th 
last visit of Lord Kelvin to the Unite 
States. Those in the picture, wit 
year of election to the Institute, ar 
Albert L. Rohrer (A’87, M'8! 
member for life); George E. Emmon 
Charles P. Steinmetz (A’90, M'9 
F'12); Prof. Elihu Thomson (A’8: 
M’91, F'13, member for life); Lad 
Kelvin; Lord Kelvin (HM’92 
Spencer Trask; Ogden Mills; ar 
George Foster Peabody. Betwec 
Professor Thomson and Lady Kelv 
is Edwin W. Rice, Jr. (A’87, M’8 
F'13, member for life); betwe 
Lord and Lady Kelvin is seen Euger 
Griffin (A'90); between Mr. Tra 
and Mr. Mills is seen Dana S. Gree: 
(A'93); behind Professor Thoms: 
and to his right is Jesse R. Lovej« 
(A'91, M'24, F°13, member for life 
behind; Mr. Trask and to his rig 
(third row) is Edward M. Hewlk 
(A’91, F'17, member for life). Fi 

of these members are living. — 

(Kelvinator Corp. photo) 
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Early Headquarters of the Institute 


By Gano Dunn, President A.I.E.E. 1911-12 


N 1884 we were born in 
the house of the Ameri- 
can Society of Civil Engi- 
neers, then a _ remodeled 
dwelling in East 23d Street, 
New York City. This fact 
and our use of the paternal 
mansion for some time af- 
terward undoubtedly estab- 
lished the fundamentally 
friendly relations that have 
always subsisted between 
the electrical engineering 
and the civil engineering societies. 
As our meetings grew larger and be- 
cause in those days they usually were 
accompanied by experimental demon- 
strations in the then new electrical art, 
we began to use the R. Ogden Doremus 
Chemical Lecture Theater of the Col- 
lege of the City of New York across the 
way. It was here, as a student of the 
City College that I first attended In- 
stitute meetings under the presidencies 
of Norvin Green, Franklin L. Pope, and 
T. Commerford Martin. 

When we outgrew the City College 
accommodations, we held meetings at sundry other 
places, some good and some bad, until we were 
invited by the American Society of Mechanical 
Engineers to share as guests the accommodations 
of their then new home at 12 West 3lst Street, a 
remodeled fine old brownstone residence. 

The rapid growth of the Institute, with its in- 
creasing requirements for meetings, which at times 
conflicted with the meetings of our generous hosts, 
put considerable strain upon them and upon us; 
consequently, a house of our own was felt to be neces- 
sary, not only for reasons of physical accommoda- 
tion, but also for reasons of prestige and society pride. 

Lieutenant W. D. Weaver, ex-naval officer, elec- 
trical editor, and profound scholar, whose god was a 
book, quietly agitated the question, which took firm 
hold of the Institute’s leaders in the days when 
Mr. Andrew Carnegie was beginning his munificent 
gifts of library buildings throughout the country. 
Through Weaver, Dr. Schuyler Skaats Wheeler, 
later to become president of the Institute, learned 
of the projected executors’ sale in London of the 
Latimer Clark Library, then the second most im- 
portant electrical and scientific library in the world, 
which Weaver coveted for the American Institute 
of Electrical Engineers. Wheeler, for whom I acted 
as agent in the purchase negotiations, bought this 
precious library, which otherwise probably would 
have been dispersed, and presented it in 1901 to the 
Institute. 

In order to stimulate the movement for a house of 
our own, Doctor Wheeler attached the condition that 
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A brief account of the early headquarters 
and meeting places of the A.I.E.E. is re- 
lated here by a past-president who was a 
member of the original committee to so- 
licit Mr. Carnegie’s financial support for a 
new Institute building, and who acted as 
agent in the purchase of the Latimer Clark 
Library which was presented to the In- 
stitute in 1901 by Past-President Wheeler. 
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a suitable building be pro- 
vided for it within 5 years. 
Carnegie, to whom this 
celebrated unhoused library 
strongly appealed, indi- 
cated, through private con- 
ferences with Weaver, will- 
ingness to receive a com- 
mittee of the Institute to 
ask for a building that 
would suitably accommo- 
date the library, provide for 
its growth, and at the same 
time serve as the Institute’s home for 
its meetings and other activities. 

Doctor Carl Hering, then president, 
appointed Dr. John W. Lieb, Mr. 
Gano Dunn, and himself, a committee 
to wait on Mr. Carnegie and present 
the case. In this presentation, the 
committee included plans for restau- 
rant features, which Carnegie did not 
approve because he said it made the 
proposed home of the Institute too 
much like a club, to which latter type 
of benevolence he was then opposed. 

Mr. Carnegie expressed unusual ap- 
preciation of the Institute’s plans suitably to house 
the Latimer Clark Library, and he immediately 
gave us $7,000 for the preparation and publication 
of a catalog describing the remarkable books it 
contained in order that the members of the In- 
stitute and libraries throughout the country might 
know its rich resources. With a twinkle in his eye 
he asked us to come back to him again with a modi- 
fication of our plans that would leave out the restau- 
rant facilities. 

The rest of the story will be told by others— 
how on our report of the encouragement we had re- 
ceived, Dr. Charles F. Scott, Mr. Calvin Rice, and 
Mr.T. Commerford Martin conceived and successfully 
carried out the idea of asking, and how Mr. Carnegie 
munificently granted the request for a building that 
would house not only the Latimer Clark Library, 
but also the libraries of the American Society of 
Civil Engineers, the American Institute of Mining 
and Metallurgical Engineers, the American Society 
of Mechanical Engineers, and the American Institute 
of Electrical Engineers, all in one great building that 
would be a common home for these and other en- 
gineering societies, contributing by their jointure, 
increased respect, authority, and national usefulness 
to the engineering profession as a whole. 

[Ep1ror’s Norte: In Past-President Scott’s con- 
tribution to this issue may be found an account of the 
details accompanying the construction of the Engi- 
neering Societies’ Building. The building was dedi- 
cated April 16 and 17, 1907, although a few meetings 
already had been held in the auditorium. | 
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Some Major Events in the Life of the Institute 


By Comfort A. Adams, President A.I.E.E. 1918-19 


Personal 
or perhaps fortu- 
nately for those who 

are reading these reminis- 
cences, my memory of the 
events involved is lacking 
in detail; in other words, 
this record will be one of 
major events without much 
of the scenery that might 
add considerably to the interest of the 
story. 

I joined the Institute as an Associate 
Member just 40 years ago, as a young 
instructor in engineering. For the 
first 10 years I took very little part in 
the affairs of the Institute except to 
attend an occasional meeting. My 
earliest memory of any important 
event was the presentation of my first 
paper which was entitled ‘““The Hey- 
land Machine as Motor and Genera- 
tor,” in May 1903. This paper was 
the result of a long summer’s work in 
the laboratory, and apparently it marked the demise 
of the Heyland machine, at least as far as the United 
States was concerned. Perhaps the treatment was 
too thorough. In any case, the study had been a 
very interesting one and one in which I was so ab- 
sorbed at the time that I could not appreciate the 
lack of interest on the major part of the audience. 
My chief recollection of the discussion was a some- 
what caustic remark by President Scott, who was 
presiding, to the general effect that a college professor 
was trying to tell all he knew about the subject. 
In those days papers were less numerous and there 
were no restrictions as to the time of presentation.* 

At the annual convention of 1905 at Asheville, I 
presented what was probably my best Institute 
paper, entitled ““The Leakage Reactance of Induction 
Motors With Special Reference to Design.’ At 
least this paper attracted more attention and re- 
ceived more recognition on both sides of the Atlantic 
than any of the others, and I have every reason to 
believe that it was a substantial contribution to the 
science of induction motor design. In connection 
with the discussion of this paper I remember dis- 
tinctly the criticism of some of the designing engineers 
to the effect that the methods outlined were all right 
for a college professor, but too cumbersome for the 


*Past-President Scott’s version of this is as follows: ‘‘The Meeting notice read: 
‘May 19. Annual meeting. Announcement will be made regarding the pro- 
posed union engineering building and formal action by the Institute will prob- 
ably be taken. It is expected that letters from some of the past-presidents re- 
garding the project will be read.’ There were letters from Edison, Kennelly, 
Hering, Anthony, Sprague, Thomson, and J. G. White. Resolutions were to be 
passed. It was to be a historic event. The program opened with 3 papers for 
which cautionary time signals worked properly for Behrend’s paper on alternator 
regulation and Garfield’s on alternator compounding; but the time relay on 
Adams’ paper didn’t function and the Heyland motor wouldn’t stop. The 
paper was 50 pages in length. The president was more concerned with birth 
of the building than with the mortuary exercises that ‘marked the demise of the 
Heyland machine.’ Professor Adams’ present statement indicates the re- 
markable restraint of the presiding officer in the suppression of his real feelings.’’ 
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reminiscences of some major 
events in the life of the Institute by a past- 
president whose active participation in 
Institute affairs began 30 years ago and 
who, on the basis of that experience, 
ventures some criticisms and suggestions. 
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designing engineer. These 
criticisms, however, were 
completely canceled in my 
own mind by the generous 
approval of Doctor Stein- 
metz who said in effect 
that the designing engineers 
would have to use more 
thorough methods of analy- 
sis in the near future. From 
this time on I not only attended most 
of the annual conventions, but also 
began to participate actively in Insti- 
tute affairs. 

Although I presented later a con- 
siderable number of other papers which 
were received favorably, they do not 
stand out quite so vividly in my 
memory as the earlier ones mentioned. 
Moreover, the Institute itself began to 
mean so much more to me than just 
a place to read and discuss papers, 
however interesting and valuable that 
part of the Institute activities may be. 
I began to feel myself a member of a large family 
and to count the friendships made during that 
period among the happiest of my whole career. 


EARLY STANDARDIZATION WORK 


In 1910 President Jackson appointed me chairman 
of the standards committee and this was the beginning 
of my official participation in Institute affairs. 
At this point it may be interesting to give a brief 
account of the background of the standardization 
work of the Institute, as the standards committee 
had been in existence only 2 or 3 years. Prior to 
the initiation of this work, there was no accepted 
definition of the rating of an electrical machine. A 
motor was labeled 10 hp or a generator 100 kw, 
largely at the option of the manufacturer, without 
any accurate definition of what the rating meant. 
The result was, for example, that motors labeled 
10 hp and made by different manufacturers might 
differ as much, according to our present ideas of 
rating, as between 10 hp and 15 hp. In fact a 
common argument of the salesman was to the effect 
that his motor would carry a larger overload than 
that of his competitors. On this account the need 
for standardization was apparent to many of those 
concerned, and the standards committee of the 
Institute was organized in 1907. 

For several years after my first connection with 
this committee, I was either chairman or secretary 
and my most active memory of real work for the 
Institute was in connection with that service. I 
counted it also a great privilege to have been inti- 
mately associated in this work with men like Stein- 
metz, Lamme, Kennelly, Crocker, Scott, Skinner, 
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Hobart, Robinson, Burke, Cox, Merrill, Robins, 
and many others, the neglect to mention whom means 
no lack of appreciation of their work. 

Although it would be very pleasant to tell more 
of the very interesting and sometimes difficult work 
done in the early days of standardization, I under- 
stand that 2 other past-presidents (Kennelly and 
Skinner) have been specifically assigned to discuss 
2 different phases of this subject. 

In 1912 I was elected as a manager of the Institute 
and from that time on served as a member of the 
board of directors for 8 years as follows: for 3 
years as manager, for 2 years as vice-president, 1 
year as president, and 2 years as junior past-presi- 
dent. If my memory for details were better, I 
could give some very interesting accounts of some 
of the good fights we had on the board, but suffice 
to say that I count these as among the most 
interesting years of my life. 

Although I have served on many other committees 
of the Institute, the one that stands out most promi- 
nently, next to the standards committee, is the Edi- 
son Medal committee of which I was chairman for 
several years. 


GROWTH OF AMERICAN STANDARDS ASSOCIATION 


Through my connection with the Institute I be- 
came connected with a number of joint activities 
of engineering societies which came into being within 
the period of my connection with Institute affairs 
and which now make up a very important part of 
our service to the profession. 

After a few years of work on the standards com- 
mittee, it became obvious to some of us that, owing 
to the inevitable overlapping of the standardization 
work of the several engineering societies, a coérdi- 
nating body was necessary in this field. As a result 
of this conviction, and at the invitation of the presi- 
dent of the Institute, a meeting of representatives 
of the 4 national societies of civil, mining, mechanical, 
and electrical engineers and of the American Society 
for Testing Materials was called for January 17, 
1917. At this meeting a preliminary plan of or- 
ganization was presented, largely the work of Mr. 
H. M. Hobart, and it is interesting to note that with 
the exception of scope the present organization of the 
American Standards Association follows very closely 
the lines of this original plan. 

I was chairman of the organization committee 
and could tell a long story of the struggles involved 
in its work, including the removal of fear, petty 
jealousies, and prejudices from the minds of those 
involved. Suffice to say that it took nearly 3 years 
to get the approval of the 5 original societies to a 
plan of organization for the American Engineering 
Standards Committee, as it originally was called. 

I was first chairman of this committee and often 
compare in my own mind the small beginnings with 
the present American Standards Association into 
which it has developed. Also I have often compared 
the process of evolution of such a relatively small job 
of codperation with that larger job of the codpera- 
tion of the nations of the world, which cannot go on 
much longer without a really effective mechanism 
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of codperation. My work in connection with the 
organization of this movement was one of the most 
instructive activities of my whole career, and I 
could easily expand in my reminiscences thereof, 
but I understand that past-president Skinner has 
been assigned specifically to that task. 


JOINT ENGINEERING ACTIVITY IN THE WORLD WAR 


A very important though transient joint activity 
was in connection with the great war. The offer 
of the services of the engineering societies to the 
government was accepted by President Wilson who 
appointed as members of the general engineering 
committee of the advisory commission of the Council 
of National Defense, 2 representatives of each of the 
4 principal national engineering Societies, these 
representatives being in every case presidents and 
past-presidents. 

This committee started out under the chairman- 
ship of Dr. Hollis R. Godfrey, who had drawn up 
very comprehensive plans for the mobilization of the 
industrial and economic life of the United States 
during the war. Although this plan was marvelous 
in its comprehensiveness, and would have been wholly 
satisfactory from Mr. Stalin’s point of view, it was 
altogether too idealistic and comprehensive to be 
introduced overnight in a country with our tradi- 
tions. 

After considerable discussion we decided to look 
for some more limited and feasible scheme of serving 
the government and in June I presented a plan which 
was the outgrowth of my experience in standardiza- 
tion. At this time Dr. Godfrey resigned as chair- 
man of the committee and I was elected in his place. 
As space does not permit a description of this plan, 
I will merely say that it was presented to the Council 
of National Defense, that parts of it were put into 
force, and that just before the close of the war 
General Goethals started to put other provisions of 
this plan into effect as far as the government end 
was concerned. 

One of the most interesting problems presented 
to the General Engineering Committee was in con- 
nection with the manufacture of anchor chain, the 
production capacity for which in this country was 
utterly insufficient for the needs of the Emergency 
Fleet Corporation. This problem was solved largely 
through the generosity and codperation of the Gen- 
eral Electric Company by the development of a cast 
steel anchor chain which was distinctly superior to 
the old wrought iron hand-forged chain, and which 
could be produced rapidly in any desired quantity. 

Another activity that was the outgrowth of the 
General Engineering Committee was the application 
of electric welding to the shipbuilding program. 
In this connection the Emergency Fleet Corporation 
requested the organization of a special welding com- 
mittee with myself as chairman. This committee 
was in existence a little more than one year; and al- 
though it did not exactly revolutionize the welding 
industry, it saved the government at least a million 
dollars in the Hog Island program alone and also 
succeeded in developing an appreciation of research 
work in welding as well as a spirit of codperation 
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throughout the welding industry. This spirit and 
appreciation have been continued through the 
medium of the American Welding Society and its 
research branch, the American Bureau of Welding, 
both of which were the direct outgrowth of the weld- 
ing committee of the Emergency Fleet Corporation. 


OTHER JOINT ENGINEERING ACTIVITIES 


Another joint activity of the engineering societies 
is the American Engineering Council which takes 
care of the nontechnical service engineers can render 
to the country. Herbert Hoover was the first presi- 
dent of the council and I was a member during its 
early years. 

The joint activities of the engineering societies in 
the research field are handled in part by the Engi- 
neering Foundation and in part by the engineering 
division of the National Research Council. These 2 
organizations are closely allied; in fact, the Engineer- 
ing Foundation helped materially in the financial 
support of the engineering division of the Research 
Council for many years. I was chairman of the 
engineering division from 1919 to 1921. 

The John Fritz Medal Board is made up wholly of 
past-presidents of the engineering societies. I served 
as secretary of the board for one year and as presi- 
dent for one year and awarded the medal to Orville 
Wright. 

I have described briefly these joint activities not 
only because my participation therein resulted di- 
rectly from my connection with the Institute, but 
also because they constitute a rapidly increasing 
portion of the services of the Institute to the engineer- 
ing profession. 


SOME CRITICISMS AND SUGGESTIONS 


If I were asked to criticize the activities of our 
engineering societies, I certainly would present as 
my first and major criticism the general messiness 
of their organization and a serious lack of codpera- 
tion resulting often in serious delays in important 
movements. As a matter of fact, attempts have 
been made on several occasions during the past 15 
or 20 years to reorganize our engineering societies 
along the lines of the more consistent and rational 
system employed by our German colleagues. 

It is easy, of course, to explain how our present 
organization grew up in the mushroom fashion, and 
the codperative or joint activities mentioned have 
been designed to reduce the overlapping and con: 
fusion of effort in fields where the confusion was so 
great as to make it absolutely necessary. However, 
there still remains a considerable number of over- 
lapping activities resulting not only in duplication 
of effort and inefficiency, but also in a situation that 
makes it necessary for many engineers to become 
members of a large number of societies. It would 
be easy to go into detail on this subject, but this is 
hardly the place to do more than mention it. 

There is one very delicate subject involving not 
only the affairs of the Institute but of other engi- 
neering societies, which I approach with considerable 
diffidence, namely, the corporation influence in the 
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conduct of the work of these societies. From time 
to time outsiders and sometimes insiders have 
criticized the administration of our engineering 
society affairs on this basis. It just happens that 
I have probably had as good an opportunity as any 
to know what these influences have been; and I 
am glad to put on record here the conviction that 
although at times there were indications of mild 
efforts on the part of corporation representatives to 
modify our constitution and by-laws so as to make 
corporation influence more easily applied (for ex- 
ample, in the election of officers), these efforts usually 
failed and left our Institute as free from corporation 
bias as could possibly be expected under the existing 
economic order. Asa matter of fact, the number of 
corporation officials or employees who have any 
tendency toward bias in this connection constitute 
an absolutely negligible portion of the Institute 
membership. Moreover, as Iam a member of nearly 
all of the other engineering societies and am fairly 
intimate with their administration, I feel sure that 
the same thing can be said for them. On the other 
hand, there are some so-called professional societies 
not included in our ‘‘Founder” group of which the 
same statement could not be made with equal force. 


ELECTRICAL ENGINEERS AND ECONOMIC PROBLEMS 


A very common and long-standing criticism of 
engineers is to the effect that they are too narrow in 
their interests and do not take sufficient part in the 
broader public affairs of the nation. This criticism 
is no longer valid in anything like the degree that it 
was 20 years ago. I still think, however, that our 
own Institute perhaps has been peculiarly lacking 
in this respect, particularly if we are to judge by the 
contents of our TRANSACTIONS. These same TRANS- 
ACTIONS present a wonderfully fine record of the 
scientific and technical development of electrical 
engineering; but as compared, for example, with the 
Proceedings of the American Society of Mechanical 
Engineers, they are distinctly lacking in papers or 
addresses dealing with the broader and even more 
important economic and social problems. 

It is a fact often pointed out that the training of 
the engineer is such as to develop the habit of sound 
and unbiased logic. This is particularly true in the 
case of the electrical engineer whose problems are 
solved more often by analytical methods of a fairly 
scientific type than is true of engineers in any other 
branch. Assuming this to be the case, there is no 
reason why this same type of unbiased logic should 
not be applied by the electrical engineer to the solu- 
tion of the broader problems mentioned. 

My presidential address delivered in June 1919 
took for its subject ‘‘Codperation”’; in the light of 
recent events it may be of interest to quote one 
paragraph: 

“T do not propose any revolutionary program, but merely the 
hastening of the natural evolutionary development by the applica- 
tion of a little perspective and common sense. This does not in- 
volve altruism except in so far as a vision reaching somewhat beyond 
the end of one’s nose may be considered altruistic. It is merely a 
step forward, a step of progress, which may prevent our being 


forced into some revolutionary stride which is doomed to failure and 
can mean only destruction and disaster as long as it endures.”’ 


ELECTRICAL ENGINEERING 


A Century of Progress in 50 Years 


By E. W. Rice, Jr., President A.I.E.E. 1917-18 


T does not seem possible 

that the Institute is only 

50 years old. It hasarec- 
ord of accomplishment that 
would have done justice to 
a life of 100 years. So the 
golden milestone reached 
this year affords a natural occasion for 
noting the remarkable growth and the 
profound progress which have come to 
pass since the A.I.E.E. was founded. 

Fifty years ago the electrical indus- 
try was a very young infant, indeed. 
Yet so lusty was it that the enthusias- 
tic pioneers of the day thought that 
electricity deserved an exhibition all its 
own. Philadelphia seemed a fitting 
place and therefore, under the auspices 
of the Franklin Institute, founded by 
Benjamin Franklin, the patron saint of 
electricity, the first all-electrical ex- 
hibition of all time was celebrated there in the year 
1884. 

Only a few years before, in 1876, at the Centennial 
Exposition held also in Philadelphia, I saw for the 
first time an electric light and an electric motor. 
It was probably the first time in the United States 
that the electric dynamo was shown in operation to 
produce light and power. Aside from the electric 
telegraph, which was an important commercial clec- 
trical activity even in 1876, a few dynamos used for 
electroplating, and batteries for the operation of 
electric bells, constituted about all there was to be 
seen of the electrical industry at that time. 

A year or so later, Charles F. Brush, in Cleveland, 
started the manufacture and sale of his arc lighting 
system. Elihu Thomson, in Philadelphia, invented 
his famous 3-coil arc dynamo with automatic regula- 
tion; and in Menlo Park in 1879, Thomas A. Edison 
produced the first incandescent lamp and the mul- 
tiple system of electric generation and distribution. 
Thus, a few years after 1876 (less than a decade, in 
fact) saw most of the inventions made upon which 
the present electric power and light industry has 
been founded. 

The years immediately following were so prolific 
that at the all-electric exhibition of 1884, which I 
have mentioned, electric dynamos, lamps, motors, 
and electric measuring instruments of various kinds, 
the inventions of Edison, Thomson, Weston, and 
others, were shown by the many manufacturing com- 
panies already formed to introduce such products to 
the public. This exhibition was well attended by an 
interested and even enthusiastic public. 

Bell’s electric speaking telephone, first shown in 
1876 at the Centennial Exposition in Philadelphia, 
by 1884 had been adopted rather extensively in large 
cities, and had become an important factor in the 
electrical industry. 
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Although now celebrating only the fiftieth 
anniversary of its founding, the Institute 
‘has a record of accomplishment that would 
have done justice to a life of 100 years.” 
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The electric trolley was, 
as yet, commercially un- 
known in 1884. Van De- 
poele and Sprague, Bentley 
and Knight, and other in- 
ventors were just making 
their first tentative experi- 
ments in the application of electricity 
to the propulsion of street cars. 

While I was personally acquainted 
with many of the electrical pioneers, 
Bell, Edison, Brush, Sprague, Van De- 
poele, Sperry, Weston, Stanley, and 
others, it was my particular good for- 
tune to be intimately associated with 
Elihu Thomson. I was educated un- 
der him at the Central High School in 
Philadelphia, and after graduation in 
1880, went from Philadelphia to New 
Britain, Conn., as his assistant, and in 
1883 moved from New Britain to Lynn, 
Mass. In 1884, the year that witnessed the begin- 
ning of the A.I.E.E., we were actively promoting the 
are light system of Professor Thomson through the 
medium of the Thomson-Houston Company. This 
company sent samples of its products to the Electri- 
cal Exhibition in Philadelphia, and I had much to 
do with the exhibit. 

It is of special interest to note that at the same 
time and place, our newly founded American Insti- 
tute of Electrical Engineers held one of its first meet- 
ings. At the very first session at which papers were 
read, there was a brief discussion led by the late 
Prof. Edwin J. Houston, on the ‘“‘Edison effect,” the 
discovery of which had been announced the previous 
year. Other subjects, at this and foliowing meetings, 
dealt with underground wiring, the experimental 
testing of dynamo machines, the patent protection 
of electrical inventions, secondary battery plants, 
and telegraphic and telephonic progress. Such dis- 
cussions, which became constantly more important 
and profitable, spurred electrical progress. 

It was high time that the Institute was founded, as 
the scattered “‘electricians,’’ as we called ourselves in 
those days, needed the inspiration that comes only 
from association of people of similar interests and 
like minds. In those early days the pioneers were so 
busy with their daily work that little time could be 
spared to attend meetings. However, even if meet- 
ings were sparsely attended, the organization formed 
a nucleus which steadily drew to itself earnest elec- 
trical workers in all parts of the country. It became 
the recognized meeting place, the forum, the clearing 
house of electrical ideas, and eventually the authority 
for such standardization, technical and professional, 
as was needed in a rapidly expanding art. 

I believe that the realization of the value of scien- 
tific methods perhaps was greater in the electrical 
industry than in the older and well established enter- 
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prises. There was a close connection between the 
universities and technical schools and the electrical 
industry, even in its earliest days. The novelty and 
highly technical nature of our problems led those of 
us who were in charge to draw upon the colleges and 
universities for graduates trained in such scientific 
and technical knowledge as then existed. These 
new, eager, young men were set to work in the engi- 
neering and testing departments, and those of special 
aptitude were given opportunity to assist in the re- 
search necessary to a new industry. 

History shows that progress often has been depen- 
dent upon the energy and genius of some individual. 
In the future, advances undoubtedly will come in the 
same way; but we believe that more frequently the 
best progress will follow the use of organized research 
based upon cooperative efforts of many men in uni- 
versities, industrial organizations, and national in- 
stitutions. 

In all this work the A.J.E.E. has occupied a com- 
manding position. This has been true during the 


past and will continue to be true in the future. I 
am glad to testify that my faith in the value of the 
Institute was definitely increased during the term I 
was privileged to serve as president. The spirit of 
coéperation and of broad interchange of fundamental 
knowledge which it has fostered, has been invaluable. 
In common with other scientific societies, the Insti- 
tute has inculcated a spirit of unselfish service to its 
members and to all mankind. 

Science is international; its field is the world; in- 
formation is freely exchanged; there is no tariff on 
scientific ideas; progress therefore is based upon the 
contributions of all workers in every civilized land. 

I extend my heartiest felicitations to the Institute 
on this occasion of its golden jubilee. In common 
with those others who have served as its president, I 
wish for the institution a long and useful future. 
May its contributions to the progress of our profes- 
sion during the next 50 years, if possible, exceed 
those it has rendered during the half century that is 
just closed. 


pos i a 


A Group of Those Attending the 15th Annual Meeting, Boston, Mass., 1899 


Those in the picture are, left to right, bottom row: (?) 
and W. J. Hammer. 
Sperry. 
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Third row: W.L. Smith, (?), W. S. Aldrich, H. J. Ryan, (?), Joseph Wetzler, and (?). 
Coho, (?), W. D. Weaver, G. F. Sever, (?), Louis Bell, (?), and (?). 
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, A. V. Garrett, S. E. Doane, R. W. Pope, W. L. Puffer, C. P. Steinmetz, Elihu Thomson, 
Second row: H. E. Clifford, (?), H. Ward Leonard, W. E. Goldsborough, William Brophy, A. E. Kennelly, and E. A. 
Fourth row: C. M. Bigelow, (?), (?), H. B. 


Top row: (?), and A. L. Clough. 
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The Equation of Electrical Propagation 


HE Semicentennial 
-—— celebration oof the 

American Institute of 
Electrical Engineers is a 
fitting occasion for a review 
of the many advances which 
during the last 50 years 
have been achieved in the 
science and in the art of 
electrical engineering. This 
art, like every art, is long 


By M. 1. Pupin, President A.I.E.E., 1925-26 


Members of the Institute always have been 
interested primarily in those parts of elec- 
trical science that concern the motion of 
electricity inconductors. Although Kirch- 
hoff and Maxwell formulated the equa- 
tions of electrical propagation more than 
30 years before the founding of the 
A.1.E.E., it remained for the period co- 
inciding with the life of the Institute for 


fluxes in any part of space 
means that electromagnetic 
energy is moving from one 
part of space to another, 
along the paths mapped 
out through space by the 
fundamental laws just 
quoted. Maxwell’s equa- 
tion of electromagnetic 
energy propagation shows 
the way of these paths; 


and it will take many a 
skilled electrical engineer- 
ing artist to draw a picture 
that will display adequately 
these advances in the elec- 
trical engineering art. I 
am not one of these artists; 
I am only an amateur of 
this art. Hence, my brief 
story will confine itself to 
a description of one only 
of the many advances on 
the purely scientific side 
of electrical engineering during the 
lifetime of our Institute. This ad- 
vance relates to the mathematical 
theory of electrical transmission for 
telegraphy and telephony. 

I cannot introduce my story better 
than by mentioning briefly the founda- 
tions that Faraday and Maxwell laid 
to the electrical engineering science. 
We all understand today the full 
meaning of the laws that Maxwell, sum- 
ming up the discoveries of Oersted, 
Ampére, and Faraday, formulated as 
follows; call them Maxwell’s laws: 


the full 


achievements 


“The rate of variation of the magnetic flux through any area is 
proportional to the electromotive force generated by the varying 
flux along the boundary curve of that area. 


“The rate of variation of the electric flux through any area is 
proportional to the magnetomotive force generated by the varying 
flux along the boundary curve of that area. 


“Flux and force of the same type are proportional to each other in 
ideal insulators.”’ 


AN IMPORTANT CHAPTER IN ELECTRICAL HISTORY 


To the concepts electric and magnetic flux is con- 
nected one of the most important chapters in the 
history of electrical science. These concepts were 
born in the mind of great Faraday, and they were 
nursed and made strong by the genius of Faraday’s 
most distinguished pupil, Maxwell. According to 
these 2 prophets of science, electric and magnetic 
flux represent the electromagnetic energy of the elec- 
tromagnetic field. Where these fluxes are, there is 
electromagnetic energy; and the variation of the 
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meaning of their theoretical 
to be 
seems particularly appropriate, therefore, 
that on the Institute's 50th anniversary these 
achievements should be reviewed by one 
who has had such a large part in applying 
them and in extending them to long dis- 
tance telephonic transmission. 


but the full meaning of 
Maxwell’s equation of 
energy propagation was not 
revealed to ordinary mor- 
tals until Hertz published 
the results of his classical 
experiments in 1888. At 
that time our Institute was 
only a youngster, barely 4 
years old; but since then 
the education of this 
youngster has grown almost 
as rapidly as the fame of 
Maxwell’s electromagnetic theory which 
predicted the motion of the electro- 
magnetic energy through free space. 
The electrical engineer has today an 
incomparably deeper understanding of 
this motion than he had 50 years ago. 
The young radio art of today is his 
best interpreter of Faraday’s and 
Maxwell’s speedy energy flux. I 
shall now examine briefly the back- 
ground of the electrical theory that pre- 
ceded Maxwell. 

Our Institute is an institute of 
electrical engineers. Its members al- 
ways were interested primarily in those parts of the 
electrical science that concern the motion of electricity 
in conductors. Their interest in the motion of the 
electric and magnetic flux through free space and 
through insulators as predicted by Maxwell’s theory 
is of more recent date, and it was stimulated by the 
modern achievements of the radio art. It is fitting, 
therefore, that on the occasion of the semicentennial 
celebration of our Institute a word or 2 be said con- 
cerning the history of the achievements of that part 
of our science which during the last 50 years suc- 
ceeded in solving several of the theoretical problems 
of the motion of electricity in conductors, and thus 
inaugurated a great advance in the telegraphic 
industries. 


demonstrated. It 


DISCOVERIES OF OHM AND JOULE 


One cannot look back to the earliest days of this 
history without seeing at the very first glance the 
illustrious names of Ohm and of Joule. The laws 
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discovered by them are the earliest disclosures of 
quantitative relations between electrical forces and 
electrical motions in conductors. The advancement 
of the electrical science since the discovery of these 
2 laws over 90 years ago suggests a more up-to-date 
terminology in their statement. It can be shown 
that a change in the terminology of the electrical 
theory was inaugurated by Maxwell nearly 80 
years ago. The principle of conservation of energy, 
still unknown in the days of Ohm and Joule, suggest 
the following more modern form of statement of 
Joule’s law: 

“The heat energy generated per unit of time by a constant current 


between 2 points on a linear conductor is equal to the product of the 
current into the electrical reaction of the conductor.” 


The term “electrical reaction’? which appears in 
this statement was not known in Joule’s time. The 
word “reaction” is a familiar term in Newtonian 
dynamics. Electrical reaction is, of course, a force 
in the overcoming of which the current generates 
heat. Joule’s law makes this force equal to the 
product of current and resistance; call it resistance 
reaction. But Ohm’s law says that this resistance 
reaction is equal to the difference of potential between 
the 2 points on the linear conductor. This potential 
difference is the moving force, or, employing New- 
ton’s terminology, we can call it the electrical action; 
and then Ohm’s law can be stated in the following 
Newtonian form: 


“In a constant current between 2 points on a linear conductor the 
electrical action is equal to the electrical resistance reaction.” 


It is a small step, only, from this simple case of 
electrical motion studied by Ohm and Joule to the 
general case of any electrical motion in the simple 
circuit consisting of a linear conductor under the 
action of any electrical forces. The principle of 
conservation of energy makes it obvious that: 

“In every motion of electricity between 2 points on a linear con- 


ductor, the sum of electrical actions is equal to the sum of electrical 
reactions.” 


Call this the generalized form of Ohm’s law. The 
terminology it employs exhibits clearly the similarity 
between electrodynamics and Newtonian dynamics. 
This similarity was the guiding light to Maxwell 
when he started out to interpret Faraday. 

Ohm’s studies which led him to the formulation of 
his law of electrical motion were confined to the 
motion of electricity in a simple circuit consisting of 
a linear conductor in which a constant electromotive 
force sustained a constant current. The next step 
in the growth of our knowledge of the motion of 
electricity in conductors was the study of this motion 
in complex circuits of linear conductors. This step 
was made in 1848 when Kirchhoff published his 
historical essay on the motion of electricity in a net- 
work of linear conductors in which constant elec- 
tromotive forces were impressed upon the various 
branches of the network. He deduced the following 
historical formula: 

“In every closed circuit of a network of linear conductors carrying 
constant electrical currents the algebraical sum of the products of 
the currents into the respective resistances of the branches of the cir- 


cuit is equal to the algebraical sum of the electromotive forces im- 
pressed upon these branches.”’ 
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This formula often is called Kirchhoff’s law. I 
prefer to call it Kirchhoff’s rule. It is a mathemati- 
cal deduction from Ohm’s law. Kirchhoff was using 
Ohm’s language; if he had employed the concepts 
and the terminology suggested by the principle of 
conservation of energy, he probably would have 
called ‘‘the products of the currents into the re- 
spective resistances of the branches of the circuit” 
the resistance reactions of these branches; and then 
he could have stated his rule as follows: 


“Tn a network of linear conductors carrying constant electrical 
currents the algebraical sum of the resistance reactions in any closed 
circuit of the network is equal to the algebraical sum of the electro- 
motive actions impressed upon that circuit.” 


KIRCHHOFF’S ‘““RULE’’ REVEALS ENERGY RELATIONS 


In this form Kirchhoff’s rule is not a mere algebrai- 
cal formula deduced from Ohm’s law; it reveals 
energy relations which Ohm’s law does not reveal, 
and it shows that even in a complex circuit which is 
a part of the network of linear conductors Newton’s 
law of equality of action to reaction is applicable. 
It supplies an additional illustration of the similarity 
of electro-dynamics to Newtonian dynamics. 

When Kirchhoff’s rule is stated in the form just 
given then its generalization is obvious. If accord- 
ing to the generalized form of Ohm’s law, which I 
mentioned before, the motion of electricity between 


2 points on a linear conductor makes the sum of . 


electrical actions equal to the sum of electrical 
reactions, then, applying this equality to every branch 
of a circuit in a network of linear conductors, the 
following energy relation easily is deduced: 


“In every circuit in a network of linear conductors the sum of elec- 
trical actions is equal to the sum of electrical reactions.” 


This relation I call Newton’s third law of motion 
of electricity in a network of linear conductors. 
To call it Kirchhoff’s law, as often is done, is cer- 
tainly misleading. When Kirchhoff published his 
rule in 1848 the energy principle was still a stranger 
among physicists. Kirchhoff was not aware of its 
existence and he could not at that time translate his 
rule into the language of this principle. Ten years 
later, however, he was much wiser, and in his epoch 
making essay of 1858 he applied correctly Newton’s 
third law to the motion of electricity in a linear con- 
ductor. In this essay on the propagation of electrical 
signals over a telegraph wire suspended high above 
the ground, he felt his way cautiously and finally 
he recognized that the sum of the inductance and 
resistance reaction in every element of the telegraph 
wire is equal to the potential difference between the 
terminals of the element. He gave. expression to 
what I have called the generalized form of Ohm’s 
law. Kirchhoff did not call it the law of equality 
of action and reaction; but it was that, and it led 
him to the equation of propagation of electrical 
signals over a telegraph wire. This is the famous 
telegrapher’s equation which ever since that time 
was the guide of telephone and telegraph engineers. 
Maxwell’s equation of propagation of the electric and 
magnetic flux through free space is, and it should be, 
practically identical in form with Kirchhoff’s equa- 
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tion of propagation of telegraphic signals over a 
telegraph wire. Each one of them results from the 
actions and reactions in the tiny volume element of 
the electromagnetic field and each exhibits a propaga- 
tion of transverse waves, and both give a velocity of 
propagation that is practically the same as the ve- 
locity of propagation of light. 

I always wondered how so brilliant a mind as that 
of the late Oliver Heaviside could fail to appreciate 
Kirchhoff’s essay of 1858. Maxwell mentioned it 
in 1865 in his communication to the Royal Society 
in which he announced his great electromagnetic 
theory. Heaviside does not seem to have seen it 
until much later, and when he saw it he did not 
hesitate to speak lightly of it. Perhaps he, at one 
time a telegraphist by profession, was somewhat 
disappointed that a German professor who knew 
very little of the telegrapher’s art anticipated him in 
the discovery of the telegrapher’s equation. 


MAXWELL REDUCED RELATIONS IN 
ELECTROMAGNETIC FIELD TO NEWTON’S LAW 


In my Steinmetz lecture (Science, July 10, 1925) 
I pointed out how Maxwell, a faithful disciple of 
the energy doctrine, reduced the dynamical relations 
in every part of the electromagnetic field to Newton’s 
law of equality of electromagnetic actions and re- 
actions, and I said: 


“The possibility of describing electrical phenomena in terms of 
Newton’s concepts and language is one of the greatest achievements 
of Faraday and Maxwell.” 


In that lecture I laid particular stress upon the 
actions and reactions with which Maxwell’s genius 
endowed the tubes of flux in insulators and in free 
space. In my present sketch I have endeavored 
to lay particular stress upon the law of equality of 
actions and reactions which control the motions 
of electricity in conductors. Kirchhoff’s equation of 
propagation over a conducting wire is the crown 
of the theory of these motions just as Maxwell’s equa- 
tion of propagation is the crown of his dynamics of 
the electromagnetic flux. Kirchhoff’s equation pre- 
ceded Maxwell’s by a few years, but Maxwell’s equa- 
tion of propagation cannot be considered in any 
sense as an extension of that of his predecessor. The 
2 belong to 2 different worlds of electrical science, 
and Maxwell’s world was the new world which Kirch- 
hoff never entered. 

It may be of some historical interest to record here 
that Kirchhoff himself was not aware of any contacts 
between his mathematical researches in the science 
of electricity and Maxwell’s electromagnetic theory. 
The following quotation from my autobiography 
(“From Immigrant to Inventor,” p. 233-34) throws 
some light upon this point: 

“Gustav Robert Kirchhoff, the famous discoverer, formulator, and 
interpreter of the science of spectrum analysis, and the founder of 
the theory of radiation, was at that time (the winter term of 1885- 
86 when I was student at the University of Berlin) professor of mathe- 
matical physics at the university. He was considered the leading 
mathematical physicist of Germany. His contributions to the elec- 
trical theory occupied a very high place. The most important of 
these was undoubtedly his theory of transmission of telegraphic 


signals over a thin wire conductor stretched on insulated poles, high 
above the ground. It was a magnificent mathematical analysis of 
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the problem, and it showed for the first time that theoretically the 
velocity of propagation of these signals along the wire is equal to the 
velocity of light. The university catalogue announced that he was 
to deliver a course of lectures on theoretical electricity during the 
first term of my residence at the university. I attended the course 
and waited and waited, but waited in vain to hear Kirchhoff’s inter- 
pretation of Faraday and Maxwell. At the close of the semester 
the course ended and the electromagnetic theory of Faraday and 
Maxwell was referred to on 2 pages only, out of 200; and the part so 
honored was not, even according to my opinion at that time, the 
essential part of the theory. In this respect the lectures were dis- 
appointing, but nevertheless I was most amply rewarded for my 
pains. I never heard a more elegant mathematical analysis of the 
old school electrical problems than that which Kirchhoff developed 
before his admiring classes. That was the last course which he de- 
livered; he died in the following year, and was succeeded by Helm- 
holtz as temporary lecturer on mathematical physics.” 

In 1888, Max Planck, the discoverer of the quan- 
tum theory became Kirchhoff’s successor. It was 
tragic that Kirchhoff’s life was not spared a few 
months longer so as to permit him to witness in 1888 
the triumph of his favorite pupil Hertz. 


EARLY ENGINEERS PAID SMALL HEED 
TO KIRCHHOFF’S AND MAXWELL’S ACHIEVEMENTS 


Fifty years ago when our American Institute of 
Electrical Engineers was founded the electrical theory 
was practically in the same condition in which 
Kirchhoff and Maxwell had left it nearly 30 years 
earlier; but the electrical art had advanced much 
during the 3 decades following the publication of 
their epoch making equations of propagation. The 
transatlantic cable had been laid, dynamos were 
supplying electric energy for lighting and power, and 
the telephone was gaining rapidly its well deserved 
popularity. The engineers who guided these new 
electrical arts, however, paid small attention to 
Kirchhoff’s and to Maxwell’s theoretical achieve- 
ments. I am inclined to believe that many charter 
members of our Institute knew the work of these 2 
great scientists by hearsay only. It was reserved 
for the period coinciding with the life of our Institute 
to demonstrate the full meaning of Kirchhoff’s and of 
Maxwell’s equations of propagation. 

The radio art describes more eloquently than any 
pen can do what Maxwell’s electromagnetic theory 
has done for the transmission of speech and music, 
and even of living pictures across oceans and conti- 
nents. Every schoolboy knows today that these 
messages are carried on the wings of the electrical 
waves the existence of which Maxwell’s theory had 
prophesied 70 years ago. The birth of this radio 
art is certainly the greatest event in the electrical 
engineering world that our Institute has witnessed 
during its semicentennial existence; but here I 
must leave the thrilling story of this great achieve- 
ment of electrical theory to some radio scientist whose 
pen is wiser and more skilled than mine. 


LoNG DISTANCE TELEPHONIC TRANSMISSION 


I shall pass now to another art which also may be 
said to have been born during the lifetime of our 
Institute. It is the art of the long distance tele- 
phonic transmission over conducting wires. Just as 
the radio art is an offspring of Maxwell’s equation of 
propagation so the beginnings of long distance tele- 
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phonic transmission can be traced to Kirchhoff’s 
equation of propagation over conducting wires. 
We all know how difficult it was 50 years ago to oper- 
ate Bell’s beautiful invention over distances longer 
than a few miles. The difficulty seemed insur- 
mountable whenever an attempt was made to carry 
out this operation over telephone cables. The so- 
called practical engineer was helpless. Kirchhoff’s 
equation of propagation was ready to teach him, 
but he did not understand its language. There was 
one word in the vocabulary of this language that he 
refused to learn. That word was “inductance.” 

The telegraph engineer of those days had a holy 
horror of the so-called ‘‘choak coils’’ in the telegraph 
line; the telephone engineer inherited that fear, and 
hence he paid small attention to the apostles of 
the inductance doctrine. The foremost among 
these apostles was the late Oliver Heaviside. The 
beneficent action of inductance was evident in 
Kirchhoff’s equation of propagation, because it 
starts from the generalized form of Ohm’s law which 
says, that in every element of the telegraph wire the 
sum of the inductance and the resistance reaction is 
equal to the action of the potential difference be- 
tween the terminals of the element. This potential 
difference is the driving force that overcomes the 
conservative inductance reaction and the dissipative 
resistance reaction; hence, the greater the first in 
comparison with the second, the less energy will the 
propelled electrical wave lose in its passage over the 
transmission wire. On this point Kirchhoff’s equa- 
tion of propagation, interpreted in the light of the 
energy principle, was explicit. There was no great 
need of eloquent apostles of the inductance doctrine. 
Kirchhoff’s equation of propagation was just as 
eloquent as any of the later apostles of this doctrine; 
but there was a need of a theory that could tell the 
telephone engineer how to design a telephone con- 
ductor having a sufficiently high in- 
ductance and a sufficiently low re- 
sistance. The telephone cable waited 
anxiously for such a theory. The 
late Oliver Heaviside, in spite of his 
veritable flood of mathematical es- 
says advocating high inductance in 
long distance telephonic transmis- 
sion, failed to furnish an equation 
of propagation over conducting wires 
which could tell the telephone en- 
gineer more than Kirchhoff had told 
him. 

It was recognized generally that 
a new electrical transmission struc- 
ture was needed and a new equation 
of wave propagation over such a 
structure. The writer of this story 
was fortunate to invent such a struc- 
ture, and to discover a mathematical 
theory of wave propagation over it 
which gave the telephone engineer a 
trusty guide in all future designs of 
telephonic transmission conductors 
having as high an average inductance 
as may be desired. This theory was 
first communicated to our Institute 
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34 years ago, and the epoch making advancement 
which it inaugurated in the telephonic art is certainly 
one of the memorable events in the life of our Institute. 
The new structure, as well known, is a telephone 
conductor with inductance coils inserted in it at 
periodically recurring points, the distance between 
them obeying a rule prescribed accurately by the 
equation of propagation over such a structure. 
This equation of propagation was born during the 
lifetime of our Institute. Those of Maxwell and 
Kirchhoff were handed down to it from the days 
when the electrical theory was still young. Our 
Institute was fortunate to witness during its semi- 
centennial existence the rise of splendid electrical 
industries which trace their origin to these 3 equa- 
tions of electrical wave propagation. 


““PUPINIZED’” CONDUCTORS 


The youngest equation of electrical wave propaga- 
tion that I just mentioned is the parent of what is 
called in this country “‘a loaded conductor.” When 
this title was applied to it in a lecture before the 
faculty and students of the Massachusetts Institute 
of Technology, 32 years ago, Dr. Henry Pritchett, 
who was then president of this institution, objected 
to the title. It reminded him, he said, of an intoxi- 
cated trolley car conductor. The audience sup- 
ported heartily his objection, but nevertheless the 
title “loaded conductor”’ still persists in the TRANs- 
ACTIONS of the American Institute of Electrical 
Engineers. Scientists outside of the United States 
prefer to call this new telephonic transmission 
structure a “‘pupinized’’ conductor. The process 
of building such a structure they call ‘“‘pupinization”’ 
in all civilized countries outside of the country where 
the inventor lives and where his invention has done 
more good thanin all the other countries of the earth 
put together. I am told by my 
European friends that the word 
“‘pupinization” is popular in Europe 
not only because it is a just tribute 
to the inventor, but also because it 
denotes a new theoretical achieve- 
ment in electrical science and con- 
notes a precious characteristic of the 
structure which is the offspring of 
this theory. 

The new theoretical achievement 
is the equation of propagation over 
nonuniform electrical conductors and 
the precious characteristic of such 
a conductor possessing a high average 
inductance is the toroidal inductance 
coil inserted in it at periodically re- 
curring points. Without the induc- 
tance coils having a negligibly small 
external magnetic field, the high in- 
ductance telephonic transmission 
structure described would lose most 
of its technical value. The word 
“pupinization”’ by connotation tells 
this story; the words “inductive 
loading”’ do not. 


ELECTRICAL ENGINEERING 


Digging in “The Mines of the Motors” 


By Frank J. Sprague, President A.I.E.E. 1892-93 


N A reminiscent survey 

of the modern industrial 

revolution I am  fe- 
minded of the prophetic 
utterances of a former com- 
missioner of patents, 
Thomas Ewbank, in his 
report for 1849, the year 
of the great California gold 
rush, from which some brief 
excerpts are given in the 
following paragraphs. On 
the subject of “Electric 
Motors’”’: 


“The belief is a growing one that 
electricity, in one or more of its 
manifestations, is ordained to effect 
the mightiest of revolutions in 
human affairs. In subtlety and 
power, in excitability, rapidity 
and intensity of action there is 
nothing like it. Its complete subjugation may 
be held as a climax of conquests in art, the 
apex to ambition in science—so blessed and 
boundless, so surpassing all anticipation, are 
the seeming results that must follow. When, in 
addition to what it is now performing as a messen- 
ger—one swifter than those of the gods, and more 
reliable than the boasted Ariels of poets—it can 
be drawn rapidly from its hiding place, and made 
to propel land and water chariots, animate manu- 
facturing mechanisms, become an agricultural 
laborer and a household drudge of all work, then 
we may begin to think the genius of civilization 
is vaulting rapidly toward the zenith.” 


Some personal 


have grown. 


After citing the experiments with 
Jacobi’s boat, Davidson’s first real 
locomotive, and various industrial applications— 
all dependent upon the zinc battery and the electro- 
magnetic type of motor—he continued in somewhat 
pessimistic fashion: 


“But these experiments, interesting as they certainly were, have 
brought no marked results, nor afforded any high degree of encour- 
agement to proceed. It might be imprudent to assert that electro- 
magnetism can never supersede steam; still, in the present state of 
electrical science the desideratum is rather to be hoped for than 
expected. Great, however, will be his glory who in the face of these 
discouragements succeeds.”’ 


And then describing the rush for gold, a peroration 
to which there would be varying reactions in these 
days of social unrest and business bewilderment: 


“There is no wealth but labor—no enjoyments but which derive 
from it. But, to those who are ambitious of ennobling themselves 
and really enriching their country, placers inexpressibly more precious 
than any to be found on the Sacramento are invitingly open. Let 
them dig in THe Mines or THE Motors, and they will bring to 
light, active, fruitful, and everlasting sources of true opulence.” 


A score of years passed before Gramme brought 
out the first commercial dynamo electric generator, 
and 3 years later, at the Munich celebration of 1873, 
its vital characteristic of reversibility of function was 
demonstrated, this laying the foundation of the entire 
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reminiscences 
periences in the electrical industry are 
recorded in this article by ‘‘the father of 
electric traction’ who has dug in “the 
mines of the motors’ for 3 score years. 
From his courageous pioneering efforts 
great systems of electrical transportation 
It is entirely fitting that 
these experiences, which are so interwoven 
in the history of the electrical engineering 
profession, be recorded on the occasion of 
the Institute’s 50th anniversary by a past- 
president whose entrance into the pro- 
fession antedates the Institute by a decade. 
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system of the transmission 
of power by electricity. A 
year later marked my 
transition from the life of 
a country boy to that of 
an abbreviated naval career, 
by way of a competitive 
appointment to Annapolis, 
and found me tarrying in 
New York City on my way 
there. I cite this date be- 
cause it is so close to that 
of an epochal discovery, 
although a decade before 
the founding of the Insti- 
tute, and because of many 
electrical happenings in 
that period. 


The metropolitan popula- 
tion then totalled about 
1,700,000. There were no telephones or 
electric lights, no trolleys or subways, 
not even an elevated railway except a 
short section on Greenwich Street. 
Automobiles, of course, were unknown, 
and the Brooklyn Bridge was in the 
early stages of construction. I little 
dreamed of a new era that would change 
the face of civilization, and that the 
use of electricity for industrial power 
and for vertical and horizontal trans- 
portation would later make me a factor 
in the city’s subsequent enormous 
growth. 

Naval education brought many experiences, and 
helped to mold my character in a fashion that con- 
tributed materially to later activities. With some- 
thing of a flair for mathematics and naval archi- 
tecture, and especially a love for physics, the de- 
partment for which was headed by the late Admiral 
Sampson, I was well placed among the surviving 
third of my class. 


of ex- 


EARLY INVENTIONS 


Following a visit to the 1876 Centennial Exhibi- 
tion came the beginning of new interests, and later, 
impressed by the work of Bell, Gray, and Edison, a 
new telephone was essayed. Disciplined for first 
attempts, special apparatus was sought from Edi- 
son, but unable to supply it he suggested my stopping 
at Menlo Park on the way home from graduation in 
June 1878. By this time the creative urge had 
taken full possession, and in the following 2 years, 
including a period of duty on the Asiatic Squadron, 
while also acting as special correspondent of the 
Boston Herald, I was guilty of nearly 3 score of in- 
ventions of varied character; most of these are re- 
corded in a much prized ‘“‘Midshipman’s Note Book,”’ 
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mixed with professional notes and cruise records. 
A duplex telephone, pocket phonograph, time fuse, 
quadruplex and octoplex telegraph systems, a weird 
motor, means for transmitting pictures by wire, 
gyroscopic control of the mercury horizon and tor- 
pedo direction, an electric pantograph, a multiple 
telescope, regulation of incandescent lights, water 
cooling apparatus, and control by variations of 
pressure on a submerged carbon disk of a ship’s 
engines, to prevent racing with exposed propellers, 
are indicative of a variety of activities which were 
a nuisance to my shipmates. Many of these in- 
ventions were really worth while, but neither naval 
duties nor available money made possible their 
development then. 

Ordered home for examination in the spring of 
1880, a short leave was utilized to experiment at 
Stevens Institute of Technology (Hoboken, N. J.) 
with a new type of arc lamp mechanism, and I had 
the good fortune to meet that famous pioneer, 
William Wallace of Ansonia, Dr. Henry Draper of 
New York, and Prof. Moses G. Farmer, then 
government electrician at the U.S. Torpedo Sta- 
tion, Newport, obtaining from the latter reluctant 
approval of an attempt to construct a dynamo 
without a commutator to develop current at a con- 
stant potential of 100 volts, a venture that, based 
upon false premises, soon collapsed. 

Detailed for duty to the “Minnesota,” a training 
ship for boys in whose tuition there was little in- 
terest, I planned to light the ship electrically by 
using a dismantled steam pump for motive power, 
but the loan of a dynamo was refused on the ground 
of irregular motive power. Soon afterward the ship 
proceeded to Newport, where in the spring of 1881 
I again met Professor Farmer. Here, in the interim 
of ship duties, the construction of a novel dynamo 
electric machine was undertaken. 


“INVERTED” TYPE OF DYNAMO 
AND SERIES-PARALLEL CONTROL 


The characteristics of this machine, involving 2 
radical departures, are illustrated in an accompany- 
ing diagram. Up to this time all dynamos com- 
prised an external magnetic field assembly, between 
the poles of which the armature was rotated. In 
the new machine these relations were reversed, the 
armature being turned inside out and the coils en- 
closed by an outside iron shell of iron wire and in- 
wardly projecting ribs, the whole surrounding the 
field magnet. Built for continuous current and with 
two armature circuits and commutators, the field 
magnet was held stationary, while the armature was 
rotated. This physical relation of external armature 
and internal field is characteristic of every modern 
power plant alternator. In all of these the arma- 
ture, or stator, encloses the field magnet, or rotor, 
the latter being the moving part. 

Another feature was a switch that enabled dif- 
ferent combinations of field and armature circuits, 
and that illustrates the basic principle of all-series- 
parallel controllers used on d-c railway motors. 
This was invented independently at the same time 
by Dr. John Hopkinson of London for control of 2 
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Inverted type of dynamo electric machine, fore- 
runner of the modern a-c generator; also the series- 
parallel combination of motor circuits 


The latter also was independently proposed for 2 motors by 
Dr. John Hopkinson of England at the same time (1881). 
This model was used both as a generator and a motor 


motors. Later, this machine was operated as a 
motor at the shop of Bergmann and Company, 
and the series-parallel control was used independ- 
ently for both fiield and armature circuits on the St. 
Joseph and Richmond trolley roads in 1887, where it 
was referred to as an “electromechanical couple.” 
On these equipments both change of field circuits 
and reversal of movement were effected on a single 
cylinder, while the armature changes were made by 
a separate switch. The latter soon was discarded 
because of the runaway slip of one pair of wheels 
when starting on a slippery track and high grade 
with the armatures in series. The combination 
also was used by Reckenzaun and Condict, and with 
Thompson’s magnetic blow-out was developed by 
Potter into the widely used street car controller, by 
which the series-parallel and resistance sequences 
are effected by movement of a single handle, and 
the reversal by an independent switch. 

Naval life being then in a quiescent stage, assign- 
ment was sought as assistant to the officer represent- 
ing the Navy at the 1881 Paris Electrical Exhibition. 
This being refused, on the suggestion of the late 
Captain Howell I procured orders for temporary 
duty on the U.S. S. “Lancaster,” then being fitted 
out as flagship of the Mediterranean squadron, 
with privilege of 3 months’ leave on arrival. The 
ship being delayed, I installed a call bell system, 
the crudities of which may be judged by the char- 
acter of the materials then available when subjected 
to sea conditions. 

Too late for the Paris Exhibition, I was permitted 
to attend that to be held at the Crystal Palace, 
Sydenham, England, and arrived in London early 
in 1882, with about $20 and the necessity of pre- 
senting urgent needs to the U.S. Despatch Agent. 


ELECTRICAL ENGINEERING 


Made a member of the preferred section of the 
Jury of Awards, I was brought into contact with 
some of the leading scientists of England and ex- 
perienced one of the most colorful phases of my life. 
Among them were: Prof. Fleeming Jenkin of the 
Edinburgh University; Prof. W. Gryll Adams of 
the Wheatstone Laboratory of King’s College, 
brother of Charles Adams, who shared with Le 
Verrier the honor of locating mathematically the 
position of Neptune; Horace Darwin, son of Charles 
Darwin the naturalist; and many others. As 
secretary, I initiated a series of tests of gas engines, 
dynamos, and electric light; but having overstayed 
my leave nearly 6 months, with a probable court- 
martial in sight, I received peremptory orders to 
report the reasons therefor and to rejoin my ship. 
On arriving at Villefranche a cable authorized my 
remaining in London to complete my work, but I 
stayed aboard ship, and recorded the results in a 
voluminous hand-illustrated report which, happily, 
won the commendation of the Navy Department, 
with publication by the Bureau of Intelligence and 
praise from English technical journals. I still think 
it was a pretty good piece of work, and at least I 
escaped being disciplined. While testing gas en- 
gines the indicator diagrams at times showed 
evidences of advanced explosions, following which 
a 16-hp Otto engine was run on a forced test for about 
10 minutes with the outside ignition cut off and only 
internal compression firing—a recorded experiment 
which may be considered the forerunner of the 
Diesel engine. 


UNDERCONTACT OVERHEAD CONDUCTOR SYSTEM 


During the stay in London in ’82, as well as on 
return in the following spring, an ambition de- 
veloped to equip the Metropolitan District under- 
ground railway electrically. I first planned to 
use as conductors the running rails and an auto- 
matically tensioned midlocated wire, or ‘“‘work- 
ing conductor’ connected ladder-wise to a main 
conductor. Later I visioned the freedom of 
movement of a car between 2 contact planes, these 
being substituted by the network of running rails, 
crossovers, and switches, and an overhead conduc- 
tor following the center lines of all, the circuit of the 
motors being completed through the wheels and an 
overhead self-adjusting upward-pressing contact. 
This is the forerunner of the undercontact trolley 
and pantograph collectors characteristic of all over- 
head systems using a single conductor. The under- 
contact, in a more limited fashion, was proposed 
also by Van Depoele about 1883, but in a patent 
interference some years later my evidence of priority 
abroad was not permitted, such being limited to the 
date of reéntrance to the United States in May 1883, 
despite American citizenship and duty. Because, 
however, of conflicting patent claims and practices, 
arrangements for mutual use were arranged. 

Shortly before this, after passing examination for 
Ensign I had resigned my commission, with a year’s 
leave, and made an agreement with Edward Johnson 
to join Mr. Edison as an expert assistant; but be- 
fore returning home I conducted tests at Man- 
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chester on the new Edison-Hopkinson short-cored 
dynamo, and made a report on the savings possible 
on the 3-wire system, because of a difference of 
opinion between the independent inventors, Edison 
and Hopkinson, the former proving to be right. 
I arrived home on the day the Brooklyn Bridge 
opened and promptly reported to my employer, 
who seemed to think that a salary of $2,500 was 
per year unduly munificent. With W. S. Andrews 
I later was sent to Sunbury, Pa., with instructions 
to complete preparations in 48 hours to start the 
first overhead 3-wire system. This was put in 
operation on July 4, and later I was given charge 
of the electrical part of the first underground 3-wire 
system at Brockton, Mass. 

At this time the sizes of the mains and feeders of 
the small central stations projected were determined 
by an actual survey of the lights and the tedious con- 
struction of a small model. Oue day Mr. Edison, 
in spite of his well-known aversion to mathematics, 
asked if some one could not “figure it out,” and the 
job fell tome. I soon found that the proportions of 
mains and feeders adopted were wrong, and, my 
methods and conclusions being challenged, a layout 
for the city of Ithaca, N. Y., was selected for a test. 
I proceeded on the theory that there should be a 
like maximum drop of potential at the low voltage 
points of all mains, and that feeder resistances should 
be inversely proportional to the loads they had to 
carry. Having demonstrated the soundness of these 
conclusions, later patented, all determinations for 
a while were turned over to me and the fortnight’s 
work reduced to about 4 hours. 

Both the parent and licensee companies of the 
Edison system generally were known as “electric 
light” or “illuminating”? companies, thus designat- 
ing their principal activities. At Brockton I had 
busied myself developing an electric motor. Con- 
vinced that the use of electricity for motive power 
was as important as, and probably would exceed, 
that for illumination, I declined to take up the sub- 
ject as an assistant to my employer and resigned in 
the spring of ’84, just before the Institute was 
chartered, to form the Sprague Electric Railway and 
Motor Company. This was at first only a paper 
organization with a $100,000 capital structure, of 
which about $1,600 was sold for cash; but I had 
made a contract with Johnson that he would ad- 
vance certain monies for corresponding propor- 
tionate interests. I was, however, a general facto- 
tum for all duties, with a self-assigned annual 
salary of $2,500. 


CONSTANT SPEED MOTOR 


Our initial industrial motor development was 
based upon the important fact that on a constant 
potential circuit the mechanical effects—variations 
of speed and power output—of a motor could be 
controlled by inverse variation of the strength of 
the magnetic field to determine the differential of 
the line and motor electromotive forces; also, that 
with 2 magnetizing field coils, one of high resistance 
across the line for the main field excitation and 
another of few turns in opposition to it and in series 
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with the armature, it would be possible with certain 
proportions to operate a motor at the same speed 
under varying loads, and even different potential 
differences, which constant speed might also be 
varied—this of course a mathematical deduction. 
In addition, it appeared that by a distorted location 
of the series coil it would be possible to maintain 
automatically a fixed nonsparking position of the 
brushes under varying loads. To insure a strong 
field in starting, a cut-out or reversing switch was 
added. 

This is the genesis of what was known as the 
constant speed motor with fixed nonsparking posi- 
tion of the brushes, primarily for use on constant 
potential circuits; and it was the first motor of this 
type to be put into commercial service. From the 
original principle enunciated there naturally followed 
the idea of regeneration of energy to return elec- 
tricity to the supply circuit for train braking and 
elevator operation, the former described in a paper 
on a proposed equipment for the New York Ele- 
vated Railway, read at the Society of Arts in Bos- 
ton in December 1885. 

Production of motors was begun immediately, 
with exhibition of several types at the Franklin 
Institute Exhibition in the fall of 1884, these re- 
ceiving high commendation by English and American 


Platform car and truck equipped with 2 ‘“wheel- 
barrow’ 3-point type of suspended motors 


Double drive with single reduction adjustable gearing, shunt 

field control, regeneration, and electric braking. Test made 

during winter of 1885-86 at the Durant Sugar Refinery, New 
York City 


scientists, including Sir William Preece, Professor 
Sylvanus Thompson, and Mr. Edison. The hold- 
ing of the exhibition was the occasion for a meeting 
of those interested in electrical science and its 
applications, and at one of them, with a vivid appre- 
ciation of the operation of gas engines gained at 
the Sydenham exhibition, I ventured to propose the 
use of a storage battery as a starter, a suggestion 


698 


50th ANNIVERSARY NUMBER 


that met with considerable criticism. Its present 
day universal use in automobiles is a striking ex- 
ample of the unwisdom of hasty adverse judgments 
with regard to the possibilities of a new idea. 

Commercial introduction of the constant speed 
motors proceeding rapidly, in May 1885 the Edison 
Electric Light Company issued a circular to its 
licensees, in which it urged the use of this motor to 
add to and even up output, and proclaimed it as the 
only satisfactory one available. A year later the 
Sprague company issued the first important in- 
dustrial electric motor catalogue, detailing the 
location, and so far as available the history, of nearly 
250 machines, and citing nearly 140 industries to 
which the electric motor could be applied. So was 
established a new industry which soon became 
commonplace in its application. 


ELECTRIC RAILWAY DEVELOPMENT 


Absorbed in my work I did not join the Institute 
until May of 1887. Its proceedings for the first 4 
years of its existence were compassed in a single 
volume of TRANSACTIONS, but besides the applica- 
tion of motors for industrial purposes an active in- 
terest had developed in the matter of traction, as 
indicated by a general plan with colored illustration 
for a 4-track undergound railway for New York in 
a paper on “The Scientific Street’? by Rowland 
Hazard in 1884, and 2 papers by T. Commerford 
Martin, one in December ’86 on ‘Electric Street 
Cars,’ and the other in May ’87 giving compara- 
tive statistics of a dozen and a half installations of 
varying characteristics made in Europe and the 
United States, from which this interesting comment 
may be cited: 


“Tn Europe, as here, various systems of transmitting the current 
and of connecting up the motor with the axles and wheels are in use, 
and as yet no determination as to the best method seems to have 
been reached.”’ 


This uncertainty was emphasized by Recken- 
zaun’s interesting paper at the opening session in 
the following fall, in which he discussed at length 
the various motor connecting possibilities, and re- 
corded his surprise at the success of the direct single- 
gear reduction which was being used on a car 
equipped for Mr. Wharton of Philadelphia, where 
we were using a storage battery. 

Supplanting those’ experiments, and others in 
New York and Boston, there had been a renewal 
of my interest in the larger problems of electric rail- 
ways; this immediately centered upon equipment 
of the New York Elevated, where Daft was carrying 
on some experiments with a locomotive. The Edi- 
son-Field interests had combined, and they had 
assembled a number of dynamos to provide a 600- 
volt supply to a third rail on the 34th Street branch 
of the elevated, on which Stephen Field made a short- 
lived experiment with an electric locomotive 
governed by a water rheostat. I had developed 
what later became universal practice—the 3-point 
“wheelbarrow” geared suspension—by which the 
motor was centered on the driving axle at 2 points, 
so as to maintain parallelism between the armature 
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shaft and the axle, and was flexibly suspended at 
the free end to permit free movement. The Field 
experiments having terminated, Johnson arranged for 
of the same battery of dynamos to carry out an 
experiment for which motors, truck, and control 
apparatus were being prepared. Following a general 
description of the project made before the Society 
of Arts in Boston, December 1885, the first demon- 
stration was made on a short track installed between 
the walls of the Durant Sugar Refinery at East 
25th Street, New York City. With only a 150-ft 


demonstrated the soundness of the principles em- 
ployed. Even now I wonder how we escaped com- 
plete failure, with burning up of the car and the 
wooden-cased controller and its German silver re- 
sistances. Following the departure of the guests, 
and while sitting on a tool box resting from the 
nervous reaction Chinnook offered $25,000 for a 
1/12 interest, which finally was accepted. As he was 
not a man of means I asked for whom the purchase 
had been made, and was told that it was for the 
president of the Edison Company, who had acted 


Cross section of truck used in 

Durant Sugar Refinery test during 

winter of 1885-86, and from May 

to December 1896 on the 34th 

Street branch of the New York 
Elevated 


“Wheelbarrow” 3-point suspension of 
single-reduction adjustably-geared motors 


run quick control was essential, with the result that 
while operating the car for Mr. Jay Gould, one of 
the owners of the Elevated, an overloaded safety 
strip blew up in a volcano and ended his interest in 
electrification. 

The success of the test; however, was such that 
one day Superintendent Chinnock of the Edison 
Company offered $30,000 for a !/, interest, which 
being refused led him to express the opinion that I 
was a damn fool, because if successful the remaining 
interest would be sufficient to insure ample reward, 
and if not $30,000 was not to be disdained by any 
inventor. 

While preparation for tests on the Elevated pro- 
ceeded I went to Richmond, Va., for a short rest, 
but was surprised one Friday afternoon by a wire 
from Johnson saying that he had promised Cyrus 
Field to operate a car on the elevated tracks on the 
following Tuesday. Considering the state of the 
work my reaction to Johnson’s optimism was not 
flattering; but I hastened back, and despite a strike 
at the Bergmann shops, where the controller was 
being built, and with all night work by candlelight, 
the equipment was assembled in time to present an 
air of respectability to a gathering of financiers 
and railway officials on the day appointed. Nota 
single test had been possible; and considering that 
it was proposed to handle by distant mechanical 
means from each end of the car single-brush high- 
powered motors at 600 volts, with both shunt field 
and rheostatic control, to regenerate power in slow- 
ing down to return energy to the line, and also to use 
the motor armatures as a final brake, one may 
imagine the mental attitude with which I faced the 
gathered throng. Even then I had to wait half 
an hour to get current on the line. 

As arrangements had been made so that either 
motor could be cut out of circuit, first one was tried 
and then the other, but without movement. Finally, 
in sheer desperation both motors were connected, 
and there followed a perfect series of runs which 
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is used, the universally adopted system 
on most trolley cars and on many loco- 


ise Wild, NY motives 


on spiritualistic advice! Later, a like interest was 
sold on joint account for $26,250, and subsequently 
the capital structure of what had been a private 
company was raised to a million dollars, with out- 
side investors interested. 

This equipment was notable in that the 3-point 
“wheelbarrow” motors were carried on an inde- 
pendent truck, below the car springs, ran with fixed 
position of tilting brushes for both directions of 
movement, and had field and rheostatic control of 
speed, regeneration and braking, as well as the 
interpole principle of winding for automatic main- 
tenance of fixed brush nonsparking points regardless 
of load or direction of movement. 

Tests continued until December of 1886, but 
without any special interest on the part of the rail- 
road; and then on the suggestion of an associate I 
began the building of a 300-hp motor car, to be 
used as a smoker and to pull trailers. Each truck 
was to carry a pair of 75-hp duplex motors, adjust- 
ably geared to the axles, and with the field magnetic 
flux carried through the armatures in series, as was 
later done on the Bachelder locomotives for the 
New York Central Railroad. 

About this time the entrance of Westinghouse 
into the lighting field with the alternating-current 
system, reinforced by Stanley’s demonstration at 
Great Barrington and later by Tesla’s polyphase 
motor, had aroused a bitter controversy with 
Edison, to whom the new system was anathema; 
and in 1886 I was requested by Johnson to report 
privately upon the subject. This report urged that 
the Edison interests, as a supplement to their own 
system, should actively take up a like development 
on the ground of economy in long distance trans- 
mission; but this recommendation was ignored, 
and in 1887 the alternating-current system was 
condemned in the famous “Red Book”’ as having no 
value except for lethal purposes. 

Finding that headway on the Elevated with any 
plan was improbable, attention was turned to the 
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problem of street car operation, in which field a 
number of pioneers, Van Depoele, Daft, Bentley, 
Knight, Henry, and others abroad, were actively 
experimenting or had made limited installations 
along varied lines. Supplementing an installation 
with one of the elevated motors at the East Boston 
Sugar Refinery, individual cars with Julian storage 
batteries were operated in Philadelphia, New York, 
and Boston, and then suddenly the opportunity 
arose to take contracts in the spring of 1887 for 
equipment of, among others, the Union Passenger 
Railways in St. Joseph, Mo., and Richmond, Va. 
At this time, according to Mr. Martin’s summary 
published in the 1887 volume of the A.I.E.E. TRANs- 
ACTIONS (p. 183-7) there were about a dozen and a 
half installations in Europe and the United States, 
including every conceivable kind of equipment, 
totalling about 112 cars and locomotives, concerning 
which I already have quoted his conclusions. He 
was not, of course, aware of my early suggested 
plans for equipment of the London underground 
railways; and the experiments at the Durant Sugar 
Refinery and on the 34th Street branch of the New 
York Elevated were of private character. 


THE RICHMOND ROAD 


The story of this pioneering enterprise, under- 
taken under extreme conditions and in the face of 
general predictions of failure, was reviewed at the 
Kansas City Convention of the National Electric 
Association in 1890; it has been told so often that 
only limited reference need be made to it here. 
Briefly stated, it called for the equipment of 40 cars 
with 80 motors, more than the aggregate of either 
European or American established installations, and 
supplemented by the St. Joseph contract exceeded 
the total. They were to be operated on an unlaid 
railroad presenting a combination of curves and 
grades of unusually difficult character, and the 
contract included a complete central station. The 
installation was to be completed in 90 days, with 
payment of $110,000 “if satisfactory.”’ Our work- 
ing plans were based on a rough blueprint of a motor 
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and the records of our experimental work. Shortly 
after the contract was made I was stricken with 
typhoid fever, and while convalescing took a western 
trip, leaving the work at St. Joseph in the hands of 
David Mason, and at Richmond and the New York 
Shops to Lt. Oscar Crosby and Ensign Dana Greene. 
On my return in August initial runs were made at 
St. Joseph, but up to that time I had not been to 
Richmond; and it was not until the actual conditions 
there were seen that the critical situation which faced 
us was realized, one opinion being later summarized 
during operation in a message to Greene—“‘This is 
hell!’ With a hard working crew and constant 
shuttling between Richmond and New York, con- 
tinued public operation began Feb. 3, 1888, but 
with an immediate succession of heartbreaking diffi- 
culties which, finally overcome, enabled 30 cars, 
later increased to 40, to be put in operation on May 
4, designated by the American Electric Railway 
Association as National Electric Railway Day. 
Among the principal features was a main and 
working conductor system, with feeders supplied 
at 450 to 500 volts, paralel-circuit supply, centrally 
located universal swiveling undercontact trolley, 
“wheelbarrow” suspension of geared motors, with 
adjustable double drive and single gear reduction 
(later changed to double reduction) duplicate 
double-ended series-paralel control, fixed metal 


brushes (later replaced by Van Depoele’s carbon) 


(Above) A trolley car truck 
equipped with “No. 5 type” 
714-hp motors built in 1887 
and used on early Sprague roads 
in St. Joseph (Mo.), Richmond 

(Va.) and elsewhere 


Double-end single reduction gear 
drive; adjustable gear at one end; 
3-point “wheelbarrow” suspension; 
fixed brushes; double commutator; 
sectionalized field windings; series- 
parallel control. Double reduction 
gearing soon followed, and then the 
15-hp “No. 6” motor 


(Left) An early Richmond (Va.) 

trolley car (1888) illustrating 

one of the first applications of 
the universal trolley 
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Assembly of 22 trolley cars 
(1888) at the terminal of the 
Richmond road 


These show the centrally located 
universally. swiveled undercontact 
trolley. The mass starting of this 
group was one of the factors that 
determined the abandonment of the 
projected cable system in Boston, 
Mass., and the adoption of electricity 


and lightning arresters. 
30-car operation, requiring an average of about 200 
hp, prediction was publicly made that 20 cars would 
require 2,250 hp, and that it would be impossible to 


In the very month of the 


operate 30 cars. Later the series method was 
promoted for use in England, with many high pro- 
fessional endorsements of its possibilities, and the 
inevitable outcome was referred to as “The Debacle 
of the Four Professors.” 

Doctor Holmes’ happy references to the trolley 
in “Over the Teacup” and in his poem on 
“The Broomstick Train, or the Return of the 
Witches” are eloquent recognition of the new 
development. The confidence following the sur- 
prise of the native population in Richmond at seeing 
the heavy grades conquered by an unseen power was 
later voiced in a circular calling a mass meeting to 
demand the electrification of a road in New Orleans, 
La., which was headed: ‘“‘Lincoln set the slaves 
free! Sprague has set the mule free! The long 
haired mule shall no longer adorn our streets.”’ 

The Richmond success, although attended by a 
loss of fully $75,000 dollars, was emphasized in 2 
years by Sprague contracts for at least 110 railroads, 
including the first foreign trolley roads at Florence, 
Italy, and Halle, Germany, with replacement of 
several of the experimental equipments in the 
United States, and marked one of the most remark- 
able of industrial developments. Meanwhile the 
Thomson-Houston Company, which had purchased 
the Van Depoele interests after I declined them, 
had actively entered the field, and in 1890 was 
followed by the Westinghouse company. Among the 
most notable Sprague contracts were the initial one 
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A 1,000-hp 60-ton electric locomotive 
built in 1892-93 after designs by 
Sprague, Duncan, and Hutchinson, the 
first heavy duty electric locomotive ever 


built 


The motor armatures were mounted, on the 

axles, and the fields on axle boxes. This 

locomotive included the first railway application 

of a pilot controller—the main controller was 
too big for a man to operate 


of the West End Railroad at Boston, determined 
after a critical mass movement demonstration at 
Richmond for President Whitney, and that for the 
abolition of cable operation at Minneapolis and 
Stee Paul: 

The Institute had meanwhile enlarged its record 
of TRANSACTIONS, and in catholic fashion continued 
full records of professional papers presented, so that 
one on ““The Solution of Municipal Rapid Transit,” 
read at the Columbia University meeting, June 19, 
1888, was published in full, it and the discussion 
taking no less than 84 pages. By August 1, 1890, 
at which time reappeared the impractical suggestion 
of using 2 rails alone as conductors at 20 volts sup- 
plied by motor-generators, 412 companies in the 
United States alone, over 40 per cent of the total, 
had adopted the overhead contact electric railway 
system for the operation of 6,732 cars on 3,000 
miles of track. 


TELEPHONE TROUBLES 


The Richmond installation promptly precipitated 
legal contests with telephone companies in a score 
or more of states because of inductive interferences, 
and particularly cross leakage on the common ground 
circuits. An early decision against the single trolley 
with ground return was made by Judge, later Presi- 
dent, Taft in the Superior Court at Cincinnati; 
but this was reversed by the Supreme Court, and 
thereafter the railroads were entitled to the common 
heritage. The final result was of the greatest bene- 
fit to the telephone industry, because it forced the 
use of complete balanced metallic circuits, without 
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which long distance, or even extended successful 
local, telephony would be impracticable. 


A New DEAL 


The Richmond installation now is acknowledged 
as the prototype of the modern trolley and the 
beginning of commercial electric traction. Awake 
to the new possibilities, the Edison General Electric 
Company invested $400,000 in the Sprague com- 
pany, and in 1889 decided to acquire control of it. 
In the annual report for that year it was stated that 
of the 200 electric railways that had been generally 
contracted for, over 90 per cent were built under 
Sprague patents and that the company had 3,000 
motors of all kinds in operation. 

On the consolidation I consented to remain awhile 
as consulting engineer, but soon found existence of 
a policy that threatened trolley development and 
proposed the impossible low potential rail substitute 
for city operation; realizing this my resignation 
was tendered in unmistakable terms. It was not 
until long afterward, however, that there came into 
my possession an interoffice copy of instructions 
which announced that, following the purchase of 
the Sprague company, the system I had developed 
was to be designated by another name, an act the 
injustice of which largely has been rectified by time’s 
perspective. 


UNDERGROUND RAPID TRANSIT 


The intense activity in the street car electrifica- 
tion naturally had 2 reactions, one the hasty and 
unwarranted prophecies of the replacement of steam 
for main line operation, and the other of more 
immediate importance, its bearing upon the much 
talked of project for expansion of rapid transit facili- 
ties in New York City—to be developed under a 
newly created board of estimate. Free from im- 
mediate commercial responsibilities I turned to this 
problem with the keenest interest, and having be- 
come one of the representatives of the Greathead 
Shield system of tunneling, in the early part of 1891 
I outlined a deep level system at the Electric Club, 
following this by a comprehensive plan in the 
Commercial Advertiser. 

At the May meeting of the Institute I outlined the 
considerations that should govern the decision with 
regard to a rapid transit system, citing 3 main fea- 
tures that should be determined in the order indi- 
cated, namely, motive power, method of construc- 
tion, and routes, emphasizing the vital necessity of 
adopting electric equipment so that there would re- 
main a free choice regarding the other features. 
Later, in opposition to the Manhattan Elevated 
Railroad Company’s plan to extend its obsolescing 
system up Broadway, I made (June 13, 1891) a 
public proposal to install on the Second Avenue line, 
at a personal risk of $50,000, 2 6-car trains, one to 
be operated by a locomotive and the other by motors 
under the cars, at a speed of 40 mph. In my com- 
munication to the board of estimate I had stated 
that if electricity was adopted I was willing to 
undertake contract for both the steam and electrical 
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equipment for not less than 50 way and express 
trains. These various manoeuvres were instru- 


mental in preventing any extension of the elevated 
structure, and compelled serious study of the possi- 
bilities of electrical operation. 

In my inaugural address as President of the In- 
stitute in the following year, on the subject of 
“Coming Development of Electric Railways,” I 


One of the 49 100- to 150-hp duplex-drive 
elevator machines built for the Central London 
Railway, 1897-98 
This was by far the largest elevator contract, hydraulic or 
electric, awarded to that date, and its successful operation 


was a powerful influence in emphasizing the supremacy of 
the electric system 


took occasion to review what had been accomplished 
in electric traction, and to warn against undue 
optimism and unwarranted predictions with regard 
to the prophesied early demise of the steam locomo- 
tive. 


NEw DEPARTURE 


Following the acquisition of the Sprague com- 
pany, the late Dr. Louis Duncan, Dr. Cary Hutchin- 
son, and myself became associated, designing and 
building in 1892-93 for Mr. Henry Villard of the 
North American Company the first large electric loco- 
motive—one of 60 tons and 1,000 hp, with 4 coupled 
axles, each to be driven by motors whose armatures 
were mounted on the axles and the field magnets 
carried on the axle boxes, with an air-operated 
main controller actuated by a follow-up master one. 
Intended for experiments near Chicago, financial 
reverses ended this scheme; and, after testing, the 
locomotive, the motors for which were built by the 
Westinghouse company, was laid up at the Watses- 
sing Works of the Sprague Electric Company and 
finally dismantled, an unfortunate destruction of a 
historical machine. 

Establishing a private laboratory on West 23d 
Street, New York City, one of the first experiments 
undertaken was the construction of an a-c induction 
furnace, in which the contained metal formed a part 
of the single turn secondary of a transformer. While 
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successful theoretically and experimentally, the 
limited a-c supply available led to abandonment of 
the work, and with Charles Pratt I took up the 
development of a _ screw-driven multiple-sheave 
electric elevator, essaying through the Sprague 
Electric Elevator Company the modest task of dis- 
placement of the well-established hydraulic system. 

Following the erection of one machine at the 
laboratory, another was installed in the Grand 
Hotel at 33d Street and Broadway, New York City, 
and later the idea was sold to George Harding, archi- 
tect for a building to be erected for the Postal 
Telegraph Co. at Broadway at Murray St. Here 
in 1893-94 was installed (and later described in the 
TRANSACTIONS) the first battery of electric eleva- 
tors—high speed passenger ones—under a guarantee 
that if not satisfactory they would be replaced by 
any selected hydraulic type. The development of 
this equipment was not without grief, and on one 
occasion jeopardy to life of practically my entire 
crew and myself while operating the first car with- 
out proper current limit and car safeties. 

The entrance of the Sprague company into the 
field of vertical traction, of course, faced the com- 
bined opposition of the established hydraulic com- 
panies and the natural conservatism of architects, 
builders, and owners; but progress was steady and 
included many types, among those the pushbutton 
automatic elevator controlled from floor and car, 
which was the forerunner of the modern signal- 
controlled elevators. 


MULTIPLE-UNIT SYSTEM OF TRAIN CONTROL 


The Postal Telegraph building elevator equip- 
ment had been notable not only for distant pilot 
control, with the dead man’s switch and the flexible 


One of the first practical tests of multiple-unit 
control, and forerunner of the universal multiple-unit 
system of train control 


Test made during the summer of 1896 at the Sprague shop, 

Watsessing, N. J., on 4 sidewalk elevator machines equipped 

with individual controllers, train line, relays, throttle, and 
master controller, and one with only the ‘‘train line ’ 


iron grid rheostats now universally used on heavy 
work, but also for a testing arrangement which 
was the forerunner of the invention of the multiple- 
unit system of electric railway operation. Pro- 
vision was made such that in addition to individual 
car control any elevator could be operated from 
another controller located in the basement. One 
day, from sheer curiosity, all main pilot controllers 
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were connected in and operated by the ‘‘master,”’ 
with erratic results that for a time quickly ended 
experiments. 

In 1895, my interest in the railway problem being 
renewed, one day it flashed across my mind that by 
using the principle demonstrated by the experiment 
with the Postal elevators I could equip cars in- 
dividually with power-operated controllers, and 
combine them into trains of any desired length, re- 
gardless of sequence or end relation, and control 
them from any point by master controllers through 
an independent jointed train line. No sooner had 
this idea germinated than it was completely de- 
scribed, with particular reference to use on the ele- 
vated railway, preliminary tests were made with a 
group of sidewalk elevator machines, and 2 offers 
were made to the elevated railway management to 
install 6- and 8-car test trains at my own expense, 
but without any response whatever. 

In 1897, however, one of my most difficult years, 
opportunity arose to put the system into practice. 
While recovering from a serious fall when installing 
elevators at the Waldorf Hotel, New York, a trip 
to London was suggested to seek an elevator con- 
tract for the new railway under construction from 
the Bank to Shepard’s Bush. On receipt of speci- 
fications, plans rapidly were developed; but shortly 
before time for sailing a request came inviting me to 
act as consulting engineer for the South Side Ele- 
vated of Chicago, a steam operated road then in the 
hands of a receiver. Still on crutches and burdened 
with the work in hand, a new responsibility was 
unwelcome; but there soon arrived an old friend, 
Fred Sargent of the firm of Sargent and Lundy, who 
brought their specifications and a new proposal, and 
I was asked to make a report, with special reference 
to their steam plans. Agreeing to give 2 days to 
its consideration, I saw that 3 companies had made 
proposals for motor-car and trailer operations, and 
instantly I saw my opportunity. This was empha- 
sized by the complexity of conclusions that a few 
weeks before had been presented by John Findlay 
Wallace, at the February 3, 1897, meeting of the 
American Society of Civil Engineers, covering several 
years’ study of the ‘Substitution of Steam as a Motor 
for Suburban Traffic.”” Explaining the possibilities 
of multiple-unit equipment and operation, I won the 
interest of Sargent, as well as that of William J. 
Clark, the commercial railway engineer of the 
General Electric Company, and later of his assistant 
Frank Shepard. 

Delaying sailing, I made a report in a week en- 
dorsing the air condenser steam system, about which 
Sargent knew much more than I did, but condemn- 
ing the proposed electrical equipment and offering 
personally to contract for an equipment of the road 
on the new system. The opposition that developed 
was of no mean proportion, but although not then 
in the railroad business, and refusing to give any 
guarantee other than my own technical experience 
and a prediction that the bidding companies would 
seek orders from me for motors, I soon won out. 
Having to sail for London I left the signing of a con- 
tract for nearly $300,000, drawn up with special care 
by the engineers and officers of the railroad after 
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my departure, to a young assistant, C. W. 
McKay, with the handicap of a $100,000 
penal bond. This contract called for the 
equipment of 120 cars with 240 motors, 
and a 6-car train was to be put into opera- 
tion by July 15 on a system that existed 
chiefly in type. I had taken the contract 
personally, and it was not until my return 
that arrangements were made to have it 
taken over by a new company, the Sprague 
Electric, a combination of the Sprague 
Electric Elevator and the Interior Conduit 
and Insulating Companies, the largest 
stockholder being John W. Mackay. 

Meanwhile, to get approval of conserva- 
tive English engineers and financiers for 
the largest elevator equipment of any 
character undertaken up to that time, 
and an electrical one, on which the success 
of the underground railroad depended, was 
a technical and financial problem that 
taxed the resources of diplomacy; but 
electricity won, and a contract for nearly 
half a million dollars was secured on the con- 
dition that while the entire work would be pro- 
ceeded with, we would stand or fall, without recourse, 
on a test under the direction of the road’s engineers, 
the principal of whom was the late Sir Benjamin 
Baker, of an advance installation to be made in one 
of their shafts, which varied from 18 to 30 ft in 
diameter. I returned to the United States the latter 
part of June, with the multiple-unit system still on 
paper except for such preliminary work as could be 
directed by cable, and with only 3 weeks to prepare 
for crucial tests. Despite a general strike at our 
Watsessing shops 2 cars were run on the 16th day 
of July, and by the 25th, my birthday, a train of 6 
cars was ready for demonstration on the tracks of 
the General Electric Company at Schenectady, 
N. Y., under an agreement that permitted rejection 
on adverse decision by either an engineer or officer 
of the road. The test succeeded, however, and I 
was able the next day to telegraph to Miss Sarah 
Farmer, at whose home in Maine the A.I.E.E. 
was holding its annual convention, word of the suc- 
cess of the new departure on the fiftieth anniversary 
of her father’s experiments at Dover, N. H. 

The equipment was progressed rapidly, and by 
the following spring all steam locomotives were dis- 
placed. This project had likewise to go through its 
birth pains, with heavy losses, but the system in- 
stalled 37 years ago is still in operation, the multiple- 
unit system has never been changed in principle or 
essentials, and it is now universally used where 2 or 
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This shows a series-parallel standard controller driven 
by a pilot motor, the reverser, throttle, and relay, but 
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First full-train test 
of 6 cars operated 
with the Sprague 
multiple-unit 
system at 
Schenectady, 
N. Y., on July 
26,1897. These 
were the first sec- 
tion of the 120- 
car installation on 


(Below) First of the multiple-unit controllers to the South pat 
be used in the 1897 tests at Schenectady EI pice oS ° 
ica 


not the train line and master controller 


more motor-equipped units, whether on elevateds 
or subways, suburban trains or main line locomotive 
operation, are under a common control. 

A happily facetious letter from B. E. Sunny on a 
recent birthday is typical of the almost universal 
doubt and ridicule with which the new system was 
greeted, and warrants an excerpt. 


“ “We invented the multiple-unit system and applied it to the South 
Side Elevated in 1898’ and thereby hangs a tale. 


“T was manager of the General Electric Company in Chicago at that 
time, and we had had the business of the Elevated Railroad in 
motors, etc., for some years, and a contract for equipment had been 
negotiated which contemplated an addition to the old method, 
the only one known, of a heavily serviced motor car capable of 
pulling a number of trailers. 


“T called on Mr. Hopkins, the general manager, one morning, ex- 
pecting to receive the signed contract, but found him in rather bad 
humor. One of the directors had met a fellow in New York with a 
military title, who had put in an electrically appointed dumb waiter 
for delivering cocktails to the several floors in a big hotel, which 
worked perfectly, and he proposed to apply the same scheme to the 
operation of elevated trains. This seemed to us to be just too funny 
for anything and we both had a good laugh over it. 


“Mr. Hopkins telephoned me the next day that the name of the 
magician was Lieutenant Frank Sprague, and then it wasn’t so 
funny. Your fame in electric railways was widespread, and you 
were a terrible man to meet in competition. I saw that fine con- 
tract in those days of bad business following the ’94 panic slipping 
away, and it made me feel pretty bad. 


“Then you came to Chicago, and the story was that you had no 
shop; no organization; no installers—just a tooth brush and an 
idea, but Ye Gods, what an idea! Most men with an idea like that 
would not have had the presence of mind to carry even a tooth-brush 


ELECTRICAL ENGINEERING 


additional! We lost the contract; you won, and it was a great day 
or railway transportation, for the application of your multiple- 
-ontrol system has been the greatest boon that has come to that 
nost important public service. Indeed, the wonderful results 
ould not have been secured in any other way.” 


A full description of this equipment appeared in 
the 1899 volume of the Transactions. The suc- 
cess of the system and the commercial undertakings 
of the large manufacturing companies soon made it 
essential that control of the Sprague company 
should be secured, since it was unlikely that a funda- 
mental patent with 246 claims could be broken. 
This was done in 1902 through the General Electric 
Company for itself and the Westinghouse and the 
British Thomson-Houston companies, and after 
the equipment Of a section of one of the French 
railways, also by the French Thomson-Houston 
Company, under agreements that by whomsoever 
used the system should at least carry the Sprague 
designation, a condition which only partly has been 
lived up to. The inception of the system and its 
world-wide adoption and use, however, were empha- 
sized by the unique and gracious testimonial tendered 
me in recognition of my 75th birthday 27 years after 
the Institute, at its annual dinner on February 8, 
1905, celebrated ‘“‘The Triumph of Electric Traction.” 

Before the consolidations referred to were effected, 
after a million-dollar successful fight to effect the 
obsolescence of the hydraulic elevator and the 


supremacy of the electric, which included the 
building of 584 machines for the equipment of the 
largest buildings and the Central London Railway, 
a combination of elevator companies was effected 
and this part of our business was sold to it. The 
traction type originally was proposed for a projected 
memorial to George Morison, to be erected in 
Chicago, and in 1906 developed by me with use of 
the equalizing sheave characteristic of street cable 
systems. It was introduced into commercial prac- 
tice by the Otis company about the same time. 


ELECTRIFICATION OF THE NEW YORK 
CENTRAL TERMINAL 


A grave accident on the New York Central Rail- 
road led to the passing of a law requiring the aban- 
donment of steam as a motive power in the terminal 
tunnels, and I offered to demonstrate within a year 
the hauling of a regular train by an electric loco- 
motive. Instead, a Committee for Electrification 
was formed in 1902, under Vice-President Wilgus, 
the other members being Superintendent of Motive 
Power Waite, B. J. Arnold, George Gibbs, and 
myself. Deciding to extend the equipment beyond 
the legal requirements, plans promptly were detailed 
and completed. Final decision was for 600-volt 
d-c equipment, current being taken from a protected 
undercontact third rail supplied from substation 
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MAIN CONTROLLER. 


Shee. 
Typical circuits of the Sprague multiple-unit system for both car and train assembly 


This is an 1897 working diagram and shows the fundamental circuits from which evolved the entire multiple-unit system. A peculiarity 
of the train line and jumper connections is the arrangement of the speed controlling wires so that they always coupled alike, while the 


reversing wires are changed on the reversal of cars in train assembly. 


This was to assure proper direction of train movement relative to 


truck movement with like movement of the master controller handle in any combination—a fundamental condition for universal assembly 
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rotary converters, to the transformers of which 3- 
phase alternating current at 25 cycles was trans- 
mitted from 2 main stations equipped with vertical 
turbines. Gearless locomotives of the Bachelder 
type were adopted, together with multiple-unit con- 
trol for them and the suburban cars. In spite of the 
pressure to adopt other methods, and regardless of 
the advances that have been made since, no other 
choice was then practicable, and the performance 
of the whole equipment, which was initiated in 
1905, has fully justified the commission’s decision. 
This was followed a year later by a very extended 
paper in the A.I.E.E. TRANSACTIONS on trunk line 
operation. 


Tue A-C—D-C CONTROVERSY 


The adoption of single-phase equipments on some 
suburban railways, mostly later abandoned for 
1,200-volt d-c operation, and on the first section of 
the New Haven road, was cause for temperamental 
explosions as to the merits of the different systems, 
many claims without warrant being vociferously ad- 
vanced. In this caldron of controversy I found 
myself deeply involved, sometimes even being 
charged as the champion of exclusive d-c operation. 
This was far from the fact, as various papers, dis- 
cussions and the Institute’s records fully demon- 
strate; but I did offer to assume the responsibility, 
and urged the advisability, of raising the limits of 
potential in d-c operation, and without hesitation 
pointed out the weaknesses of many claims made, 
stating that a fair comparison of systems was possible 
only when each was developed to its limit. Twenty 
years ago I proposed the organization of a com- 
mission, which would include the highest technical 
authorities, to seek in coéperation with the manu- 
facturing companies and railroads a common con- 
clusion a proposal the wisdom of which has lately 
been amply vindicated. With regard to potentials 
I had stated in 1890 before the National Electric 
Light Association that whatever was necessary would 
be used without fear of results; perfectly success- 
ful operation with even d-c equipment is now con- 
ducted at the potentials then indicated. 


AUXILIARY TRAIN CONTROL 


With the electrification of the New York Central 
completed, ambition turned to the need of making 
railway operation in general safer by automatically 
forcing obedience to wayside signals without undue 
interference with the proper control of the train by 
the engineer. After a long development on the 
General Electric tracks at Schenectady, followed by 
supporting reports, the Sprague Safety Control and 
Signal Corporation was formed; critical tests of an 
intermittent inductive system, with speed control, 
were undertaken on the New York Central Rail- 
road, under exacting limitations determined jointly 
by representatives of the Interstate Commerce 
Commission and a committee of the railroads, which 
I agreed to meet—and then some. On the declara- 
tion of the World War this work was partly sus- 
pended, and on the formation of the U.S. Naval 
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Consulting Board, in the details of which I was 
active, the Institute was 1 of 11 societies requested 
to nominate members, Mr. Lamme and I represent- 
ing it. Although acting as chairman of the com- 
mittee on electricity and shipbuilding, my principal 
activities were in the development of depth charges 
and delay-action fuses for armor-piercing shells. 
Acting under authority of Congress, the Interstate 
Commerce Commission in 1924 issued orders re- 
quiring 49 railroads each to equip a full division with 
train control, supplementing this by another order 
2 years later—all, however, with an unfortunate 
latitude of construction and requirements. For 
many reasons I had anticipated that the successful 
conclusion of the original New York Central tests 
and a later section trial would be followed by a 
division installation; but failing this, action was 
transferred to a number of western railroad divisions, 
where I agreed to meet any requirements of the 
commission. There followed a period of successful 
operation, and then commercial collapse due in 
part to a change of policy by the Commission and 
the troubles incident to railroad financing and 
operation in the recent depression. The period 
of activity in this field, extending from about 1911 
to 1933, was one of great trialand strain, and, con- 
sidering the commercial results, might have been 
more advantageously spent in some other direction. 


DUPLEX ELEVATORS 


During the latter part of this period vertical trans- 
portation again attracted my attention, with the 
sudden development of a method for safely and freely 
operating, within proper limits, 2 independent ele- 
vators on common rails in a single shaft, to conserve 
valuable floor space. The upper elevator normally 
was to be operated on express service and the lower 
on a shorter local run, 2 lower floor landings being 
provided. Every elevator has 2 limits, upper and 
lower, for which automatic operation must be pro- 
vided. To operate 2 elevators as proposed in 1 
shaft it was necessary to provide a floating lower 
limit for the upper car and a similar floating upper 
limit for the lower one, these being jointly controlled 
and actuated through differential action of the 
main controllers. The first working model was built 
within a fortnight after conception, and the system, 
together with a method for actuating the car safeties 
by excess of acceleration as well as excess speed, 
was sold to the Westinghouse company. This trans- 
action was attended by a coincidence of remarkable 
character, the passing of a check in part payment! 
by Vice-President Charles Terry, of exactly the same 
amount given me by his brother, Professor Terry 
of Annapolis, over 2 score years earlier. 

And now, after many years in which the Institute 
has signally honored me, still at work in a new de- 
velopment in the difficult days of a new deal, or 
ideal—and hoping! The 3 score years have been} 
those of a ready acceptance of any challenge in| 
electrical engineering progress, a mental elixir which) 
has made life worth living in the effort to add tc) 
human progress and comfort, the zest for whict| 
advancing years has not entirely abated. 
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A Few High Lights 


in Electrical 


Transportation 


(Below) An electric carriage built in 1893, 
which weighed 5,100 Ib and was capable of 


attaining a speed of 16 mph 
(Holtzer-Cabot photo) 


(Above) Electric locomotive built by Moses G. Farmer in 
1847, now in the Smithsonian Institute, Washington, D. C. 
Mr. Farmer used the apparatus when lecturing on electricity 
(General Electric photo) 
Hl 


z errant 


The achievements, in 
horizontal trans- 
portation have been 
paralleled by equal- 
ly striking achieve- 
ments in vertical 
transportation. At 
the right is shown 


(Above) An electric mine locomotive built about one of the elevators 
1888 for the Lykens Valley (Pa.) Coal Company recently installed at 
(General Electric photo) the Rockefeller Cen- 


ter in New York 
City; these are the 
fastest elevators ever 
built, being capable 
of a speed of 1,200 
ft per minute. The 
doors of all cars are 
protected by photo- 
electric equipment 
so arranged that an 
obstruction in the 
doorway will pre- 
vent the door from 


closing 
(Westinghouse photo) 


(Above) First elec- 
tric locomotive built 
for the Baltimore 
and Ohio “Belt 
Line,” 1895. The 
locomotive weighed 
96 tons and was 
equipped with 4 
6-pole gearless mo- 
tors of 360 hp each 


(General Electric photo) 


(Left) One of the latest 90-mph a-c 
locomotives built for the Pennsylvania 
Railroad in 1932-33; it weighs 190 tons 
and is powered by 3 twin motors with a 
total continuous rating of 3,750 hp 


If ' an 
jeneral Electric pho 
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Alternating Current Versus Direct Current 


By Lewis B. Stillwell, President A.I.E.E. 1909-10 


HE preéminent Ameri- 

can leader in the de- 

velopment and commer- 
cial introduction of the al- 
ternating-current system of 
transmitting and distribu- 
ting electricity for lighting 
and power purposes was George West- 
inghouse of Pittsburgh, Pa., the in- 
ventor of the air brake. In 1885 the 
Gaulard and Gibbs lighting system, 
invented by the brilliant Frenchman 
Gaulard, was exhibited at Turin and at 
the Inventions Exhibition in London. 
The apparatus employed was crude, but 
it included the transformer, the key to 
the problem of electrical transmission. 

Mr. Westinghouse promptly secured 
control of the American patents of 
Gaulard and Gibbs, incorporated the 
Westinghouse Electric Company, and 
began to build up a staff. Before the end of 1886, 
several central station lighting plants had been sold 
and the company was in active competition with the 
Edison Electric Light Company, which for several 
years had been practically in sole control of the 
American field of electric lighting by incandescent 
lamps supplied from central stations. 

Edison’s brilliant invention of a commercial in- 
candescent lamp had been followed promptly by his 
feeder and main patent, and by his 3-wire system of 
distribution. His first central station in Goerck 
Street, New York City, was a convincing demon- 
stration of the commercial possibilities of the new 
lighting system, and the pioneer installation in New 
York had been followed with remarkable promptness 
by similar plants in a number of other American 
cities. Adequate financial support had been se- 
cured; the Edison Electric Light Company had been 
organized to manufacture incandescent lamps, cen- 
tral station and distributing apparatus and, in short 
everything necessary from dynamos to lamps in- 
clusive. Not only had Edison’s work been brilliant, 
but also it had been extraordinarily direct and 
practical. When Westinghouse acquired the Ameri- 
can rights of Gaulard and Gibbs, the Edison Manu- 
facturing Company was a going concern; its activi- 
ties were extending rapidly and a great commercial 
success seemed assured. 

During the year 1887 a number of alternating- 
current central lighting stations were installed by 
the Westinghouse Company in various American 
cities. The reaction of the Edison Manufacturing 
Company was prompt and vigorous. The usual 
methods of commercial competition having failed to 
stop the invader, unusual defensive measures were 
adopted. 

A bill was introduced in the Senate of the State of 
Virginia prohibiting the use in that state of any 
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electrical potential exceed- 
ing 800 volts; and a com- 
mittee of 15 Senators was 
appointed to hold public 
hearings and report to the 
Senate. 

Howard Levis, Esq., at 
that time one of the Westinghouse 
Electric Company’s counsel, was in- 
structed to oppose the bill, and I was 
detailed to codperate with him. 

Learning that Mr. Edison himself was 
to appear before the committee, Presi- 
dent Morton of Stevens Institute of 
Technology, an eminent authority on 
engineering matters, was retained for 
the Westinghouse company, as also 
was Captain Hugh Garden, counsel 
of the Sawyer-Mann Electric Com- 
pany, which had been acquired by 
Westinghouse interests. Wyndham R. 
Meredith, Esq., a brilliant young lawyer of Rich- 
mond, Va., also was retained. 

The day of the hearing arrived. Many residents 
of Richmond were interested to see and hear Mr. 
Edison, and the first meeting of the committee was 
held in the historic hall of the House of Delegates 
at the capitol. The hall was well filled by a represen- 
tative gathering of legislators, other public officials, 
and representative citizens of Richmond, including 
many ladies. 

After the usual formalities, and a statement by the 
chairman of the committee, Mr. Meredith arose. 
He began by extending to Mr. Edison a warm wel- 
come to Virginia and in eloquent and most courteous 
words thanked him for his visit to Richmond. He 
recalled the fact that ‘Franklin often had left the 
laboratories of science for the halls of legislation,” 
and in doing this invariably had been actuated by 
his deep interest in the public welfare. Mr. Meredith 
expressed the hope and his personal confidence that 
in honoring Virginia with a visit, Mr. Edison was 
actuated by motives no less admirable. It would | 
have been impossible to concentrate the thought of | 
the audience on the question ‘“‘Why does Mr. Edison 
come to Richmond?” in a manner more graceful and , 
adroit. 

Following the conclusion of Mr. Meredith’s able) 
address, which was greeted by the audience with 
hearty and continued applause, Mr. Edison was‘ 
called as the first witness in support of the bill.} 
He was questioned by counsel presumably retained 
by the Edison company and occasionally by members } 
of the committee. His unfortunate deafness made} 
it very difficult for him to hear the questions asked 
and it was necessary very frequently to repeat them, {i 
as a consequence of which his testimony was neither 

; 


Institute who 


consecutive nor convincing. It was made clear, 
however, that he favored the bill, and it was evident 
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hat the audience was much interested to see and 
ear him. 

Following Mr. Edison, President Morton was 
ntroduced; he made an admirable address which 
asted about 20 minutes. Dr. Morton had few, if 
ny, superiors in describing technical matters in 
opular language, and on this occasion he put forth 
yne of his best efforts. Among other things, Mr. 
Hdison had said in effect that the continuous current 
was like a river flowing peacefully to the sea, while he 
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Referred to the Comittee on General Laws. 


1. Be it enacted by the Gmeral Assembly of Virginia, That 

2 it shall be unlawful, on and eer the first of April, one thousand 

.8 eight hundred and ninety, to:awn, keep, or maintain, in, across, 

4 through, ot under any publidstreet, highway, or place to which 

5 the public commonly has tess, any electric circuit, or part 

6 thereof, or any.substance or thing for the conducting of elec- 

7 tricity forming a part of an olectric circuit, contrary to the pro- 

8 visions of this act. 

9 In all electric circuits or parts of circuits as aforesaid, 
10 whether such circuits be in whole or in part under or above 
11 ground, the electric pressure used shall not exceed the following 
12 amounts: ' The non-pulsating continuous current to a pressure 
13 not exceeding eight hundred volts; the pulsating continuous 
14 current to a pressure not exceeding five hundred and fifty volts ; 

2 
15 the alternating current to a pressure not exceeding two hundred 


16 volts, according to the nature of the current used. 
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compared the alternating current to a torrent rush- 
ing violently over a precipice. Dr. Morton courte- 
ously suggested that it would be more accurate to 
compare the continuous current to water flowing in 
one direction through a pipe, and the alternating 
current to water moving first in one direction and 
then in the opposite direction in the same pipe. 
It would have been difficult for any one in 20 minutes 
in nontechnical language to make a statement of 
the question at issue more reasonable and convincing 
than Dr. Morton’s. While it is highly improbable 
that any large proportion of the audience, or even of 
the committee, understood what it was all about, 
the effect apparently was soothing; and when he 
finished the alternating current system seemed much 


THE BILL KILLED, 


ee 


THE ELECTRIC TALKERS 
BEFORE THE SENATE 
COMMITTEE. 


THE SPRECHES MADE TO-DAYr 


The discussion of the Senate bill to regus 
late the use of electric carrents through. 
out the State of Virginia attracted fa 
very large numberof. people to the hall 
of the House of Delegates in the Capitol: 
last night. Col. Boulware, representing 
the Edison Electric Light Company, ads 
vocated the passage of the bill, present- 
ing Mr, Edison himself as recommending 
lt. 

Ia reply to inquiries Mr. Edison gave 
& Short exposition of his-views-on the 
subject, and was followed by Mr. Harold 
P. Brown, of New York, popularly kaowa 
a8 ‘‘the electrical executions” from his 
connection with the various tests mads 
in New York city to prove that elestri- 
city will kill. Walt 

Mr. W. R. Meredith, the ‘attorney. for 
the Electric Light and Power Company 
of this vity, stated that..tho passage ‘of 
the proposed bill would foros his com~ 
pany to abandon its business, and intro 
duced Prof. Morton, of the famous 
Stevens Iustitute of Technology, an 

AER 
The audience this morning. was not.as 

-large as last night, the great attraction, 

Mr. Edison; not being present. Mr, 

Brown left for New York last night. 

' Professor Morton and Mr. R. W. Pope, 

secretary of the American Institute of 

Electrical Engineers, spent the atternoon 

with:Mr. M. B. Leonard, the superinten- 

dent of télegraph of the Chesapeake and 

Ohio railway, in visiting the power sta- 

tions of the Electric railway and the 

Electric Light and Power Company, 

which, it is stated, would be obliged 


The first page of 
the Virginia bill 
to limit electric 
potentials in that 
state to 800 volts 
(left above); a 
hand-written note 
regarding the bill 


by Mr. Edison to go out of business if this bill becomes 
; a law. 
(left); and por- RECOMMENDED “HAT IT DO NOT PASs, 


The Senate Committee-on General 
Laws to-day Be ve Senate bill for the 
prevention of danger from elestric cur- 
rents, with a recommendation that it-do 
not pass, The committee thought it was 
a mat ‘or municipal authorities, 


tions of a news- 
paper account of 
the hearing from 
a contemporary 


paper (right) 
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The committee then called Captain Garden to the 
stand. The Captain was a cultured and delightful 
southern gentleman of the best type. At the 
battle of Gettysburg he had commanded a South 
Carolina battery, and had left a large proportion of 
his men on the field. After the Civil War he had 
settled at Warrenton, Va. His testimony was given 
in an address which was followed with close interest 
by his audience. It was eloquent, if somewhat 
flowery, and he had not spoken long when I noted 
several of the Senators whispering to each other 
and looking at him intently. They were recognizing 
him as Captain Garden of Warrenton, and it was 
evident that they listened with sympathetic interest 
and with pride. 

Before Captain Garden’s testimony was concluded, 
Mr. Levis and I had learned that a number of repre- 
sentatives of companies operating electric arc lights 
in various towns in Virginia were present and desired 
to be heard. As they were using potentials up to 
3,000 volts, the proposed legislation, if enacted and 
enforced, would put them out of business, and to this 
they felt strong objection. Realizing that the views 
of these men might be expected to have much 
influence with the committee, it was arranged that 
some of them should be heard when Captain Garden 
had finished. 

The first of these gentlemen who was called upon 
had but one leg and used a crutch, but unquestion- 
ably he was effective. He expressed himself fluently 
and with great force. The committee and the 
audience listened attentively. In closing, he derided 
the suggestion that 3,000 volts was dangerous and 
exclaimed: ‘“‘Why, gentlemen, the pennyroyal bulls 
of Fairfax County are far more dangerous than that 
current.’ I never learned what a pennyroyal bull 
is, but the committee seemed to feel that the gentle- 
man had made a strong point. 

The following morning, the committee met in the 
Senate room and representatives of local arc lighting 
companies in Virginia had the floor. Their opposi- 
tion to the proposed legislation was unanimous and 
emphatic. The representatives of the Westinghouse 
company, realizing that such testimony from resi- 
dents of Virginia might be expected to be more 
effective than any additional arguments they could 
present, introduced no further testimony. At the 
end of the morning session, which lasted only an 
hour or 2, the Senate Committee decided unani- 
mously in disapproval of the proposed legislation. 

Some months after the hearing at Richmond, Mr. 
Levis and I attended a hearing before a committee 
of the Legislature of the State of Ohio at Columbus, 
where a bill had been introduced similar in general 
tenor to that which had been rejected at Richmond. 
On this occasion, Harold P. Brown, a man much 
talked of in those days, appeared in support of the 
bill. Before the hearing, he had demonstrated the 
“deadly qualities” of alternating current by using 
it to kill 1 or 2 animals in the presence of a number 
of people whom he had invited to witness the 
demonstration. 

At the hearing, Mr. Levis and I presented testi- 
mony in opposition to the bill and to Mr. Brown’s 
statements. On this occasion, it was not thought 
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necessary to call upon President Morton or Captain 
Garden. The efforts of Mr. Brown and his as- 
sociates accomplished nothing at Columbus. 

Attempts to prevent the use of alternating current 
by legislation—or by inducing the authorities to 
refuse a permit—were made not only. at Richmond 
and at Columbus, but also at other places in the 
United States and Canada, but without success. 

In his efforts to prevent the introduction of the 
alternating-current system, Mr. Brown resorted to 
measures that were strongly resented by Mr. West- 
inghouse and his associates. The newspapers were 
filled with articles describing the deadly nature of 
alternating current. In some way, Brown managed 
to purchase a second-hand Westinghouse alternator 
and he was supposed to have been instrumental in 
securing enactment of a law in the State of New 
York which provided that the death sentence in 
criminal cases thereafter should be carried out by 
electrocution. For this purpose, he strongly and 
successfully recommended alternating-current ap- 
paratus. The fight was a bitter one and was pro- 
longed through several years, but, fortunately, had 
little ultimate effect upon the introduction and 
general use of the alternating-current system. 

In 1892 the Edison Electric Light Company and 

the Thomson-Houston Company were combined 
to form the General Electric Company; and the 
opposition of the Edison interests to alternating 
current apparently disappeared. For several years 
the Thomson-Houston Company had been manu- 
facturing and selling alternating-current lighting 
apparatus. Elihu Thomson, at a very early date, 
had experimented with the transformer, but his 
attention apparently had been centered upon its 
possibilities in electric welding rather than in 
lighting. 
_ From the date of its formation, the General Elec- 
tric Company energetically developed and exploited 
alternating current; and before the end of that 
year was competing vigorously and very ably with 
the Westinghouse company in that field. 
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Some Transmission Structures 


(Right) Mill Creek-Redlands (Calif.) line (1892-3), 
reported to be the first 3-phase high-voltage (11kv) 


transmission line. Plant and line are still in service 
(So. Calif. Edison Co. photo) 


(Below) Modern 300-ft towers carrying 2 220-kv 
and 12 66-kv circuits over a navigable channel at 
the Long Beach (Calif.) steam-electric generating 
station 
(Southern Calif. Edison Co. photo) 


he 


(Below) The latest thing in transmission 
towers, the so-called rotated tower that is 
finding its first application on the 287-kv 
200-mile line now being built from Boulder 
Dam to Los Angeles. Distance between 

outer conductors about 65 ft 
(American Bridge Co. photo) 


(Above) Original 
60-kv line from Kern 
River hydroelectric 
plant tof Los An- 
geles, Calif. (about 
1902; suspension 
insulators added later 


(So. Calif. Edison Co. 
photo) 


(Below) Left, Berke- 
ley (Calif.) terminus 
of the first long dis- 
tance _— transmission 
line to reach San 
Francisco Bay  re- 
gion; (right) modern 
counterpart built in 


1923. 
‘Pacific Gas & Elec. Co. 
photos) 


Left) A 60-kv pole line of the old 
tandard Electric Co. (about 1902), that 
brought hydroelectric power from the 
early Electra plant in the Sierra Nevada 
Mountains (Calif.) 


(Pacific Gas & Elec. Co. photo) 
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Developments in Electric Power Transmission 
By Harris J. Ryan, President A.I.E.E. 1923-24 


URING the early 
eighties through the 
studies of Kelvin we 

learned that economy in 
the transmission of an elec- 
tric current would be great- 
est when the conductor loss 
and existence costs would 
be equal. No mention was 
made at the time of the 
voltage required for the 
corresponding economy in the trans- 
mission of electric power; that was to 
come later. 

Promptly after his invention of the 
incandescent lamp, Edison developed 
in the early eighties the 220-volt 3-wire 
system with which continuous current 
could be transmitted economically a 
distance of a half mile to light incan- 
descent lamps. Thus the industry of 
incandescent lighting was started in 
the business districts of New York, 
Boston, Buffalo, and Chicago. 

The practical mind of another great 
inventor, George Westinghouse, soon became inter- 
ested in the problem of increasing the distance to 
which incandescent lamps could be made available 
from a central power source. The result of his ef- 
forts led to the discovery of the practical availability 
of the transformer and with it the development of a 2- 
wire alternating current system for supplying current 
economically to incandescent lamps from a distant 
power supply. His plan included a generator with 
a voltage ample to transmit the current economically 
to the location of the customer where a transformer 
was placed to reduce the voltage to the amount 
required for the operation of the customer’s 
incandescent lamps. The effect upon the incan- 
descent lighting industry was immediate, and the 
practice was rapidly extended to large residential 
areas. 


EARLY ELECTRIC POWER SERVICE 


During the eighties, while the 220-volt incandes- 
cent lighting service was getting under way, no 
opportunity was overlooked to carry with it a power 
service with motors and an energy storage service 
with batteries. By the close of the eighties the 
advocates of the alternating current incandescent 
lighting systems felt keenly the want of satisfactory 
alternating current motors required for power service 
of many sorts, chief of which was the operation of 
conversion machinery required for the supply of 
continuous current and for charging storage batteries. 

The alternating current incandescent lighting in- 
dustries, in this epoch, were joined by many able 
men who quickly evolved satisfactory alternating 
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A brief account of some significant events 

in the history of electric power transmission 

related by a past-president of the Institute 

whose name is closely linked with many of 

those events and who for many years has 

been actively engaged in the study of 
high voltage phenomena. 
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current motors and _ the 
much desired conversion 
machinery. Thus the elec- 
trical exhibits at the 
World’s Fair in 1893 dem- 
onstrated abundantly a 
world prepared at home and 
abroad to equip the in- 
coming electrical age. 

In the winter of 1886-87 
William A. Anthony (presi- 
dent of the A.I.E.E. 1890-91) and his 
class of students in electrical engineer- 
ing were received by Dr. Frank J. 
Sprague (president of the A.I.E.E. 
1892-93) at his factory in New York 
City where he was engaged upon the 
notable work of manufacturing the 
motors for electrifying the street rail- 
ways for the City of Richmond, Va. 
He showed us 2 of the 7!/2-hp motors 
that were then completed for such 
purpose. In talking with Professor 
Anthony about electric power trans- 
mission, Doctor Sprague said he had 
found in his study that economy in electrical trans- 
mission of power would be directly proportional to 
the voltage and inversely proportional to the dis- 
tance. This conversation made a profound impres- 
sion on some of us who were thus started out in life 
with a never-ending enthusiasm for the study of 
high voltage phenomena required for the economic 
transmission of electric power. 


THE BATTLE OF THE PHASES 


The Niagara Falls-Buffalo, N. Y., 28-mile trans- 
mission was established in the early nineties at 
22-kv between conductors. It had followed quickly 
on the heels of the great Frankfort-am-Mein elec- 
trical exposition, held in Germany in 1891, with its 
marvelous demonstration of a 100-mile 3-phase 
power transmission from a water fall at Lauffen to 
the exposition. The brief years that intervene 
between the Frankfort Exposition and the World’ 
Fair witnessed the great economic-technical battle 
of the phases—3 phase versus 2 phase. The con; 
troversy invaded the counsels of the Niagara Falls 
Buffalo power transmission development, when sud{ 
denly the contest was stopped by the master stroke 
of Charles F. Scott (president of the A.I.E.E.| 
1902-03) with his ‘‘T-connection”’ for transformer¢ 
to connect 2-phase circuits to 3-phase circuits ir) 
balanced power relation. } 

The birth of the American Institute of Electrical 
Engineers in 1884 followed by the Internationah 
Electrical Exhibition in Philadelphia during tht 
same year, the Frankfort Electrical Exposition iy) 
1891 and the World’s Columbian Exposition in 189% 
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nade all America and much of Europe electrically 
ninded in regard to human communications and 
nergy transmission and distribution with electrical 
acilities. These great electrotechnical activities 
ind exhibits prepared world civilization to expect 
he early achievement of radio communication and 
he long distance transmission of power and its 
ffective distribution. 

To the youth of the late eighties and the early 
lineties there was visioned a rapidly changing world 
yf extraordinary facility for communication and 
ower development. For many it changed their 
ntire outlook upon life. One great group promptly 
lecided to be interested in power, soon to be followed 
yy another group determined to find all they could 
lo in the new field of wireless, later called radio. It 
1as taken an entirely new generation to grasp the 
nore recent outlook upon what to do with electrical 
acilities in geophysics, bionomics, and the long list 
yf radiations having frequencies above and below 
hose of X rays, also the more recent outlook upon 
he electrical opportunities for the social rebuilding 
of civilization in the electrical age. 

Those in the power transmission group soon be- 
“ame preoccupied with their own chosen field and 
ost much of their former interest in what was going 
mn around them. They became greatly interested 
ind concerned with many difficulties encountered on 
heir own road to progress. It soon was discovered 
hat alternating current was an out-and-out neces- 
ity in high voltage power transmission because it 
made the simplicity of the transformer available. 
Much working enthusiasm was consumed in de- 
veloping the requisite mathematical study for a 
atisfactory understanding of alternating current 
values and characteristic behaviors to be followed 
inally with a corresponding understanding of cur- 
ent and voltage transients. 

In the midst of all this the limitations of the 
itmosphere as an insulator about the transmission 
ine conductors was encountered in the middle and 
ate nineties. Much thought and study were given 
o this matter by many power transmission engi- 
ieers. Along with these difficulties with the atmos- 
yhere the practical limits of the single pin-type insu- 
ator soon were encountered. For years the power 
transmission industry was virtually forced to be 
ontent with 50- to 60-kv line insulators. The 
ittempt to use higher voltages was not a success 
recause the insulators then available would not 
‘stand up’ under the higher voltages. Again the 
lay was saved with dramatic suddenness by the 
nvention of the suspension type insulator. By the 
ise of insulators of this type on a short line in 
Michigan in 1908 it was found that 110 kv, 3 phase, 
vas entirely feasible. 

This speedily was followed by the erection and 
uccessful use of a power transmission from a 
lydroelectric plant on the Feather River near the 
teat storage reservoir, Lake Almanor, a distance of 
40 miles to Oakland, Calif., with a terminal voltage 
f 90 kv. Shortly thereafter, a 3-phase line was 
rected to transmit power at 104 kv from a hydro- 
lectric plant on the Stanislaus River a distance of 
82 miles to San Francisco for the operation of the 
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street cars of that city. This transmission was 
notable for having the magnetic and electrical con- 
stants of the conductors balanced so as to cause the 
line to. operate at substantially the same voltage, 
104 kv, at both terminals—generator and receiver. 


WuatT FREQUENCY? 


The development of hydroelectric power on a 
large scale at Niagara Falls forced the adoption of 
alternating current only to be followed by a great 
uncertainty as to the frequency to be used. Some 
urged that the magnetic activity of alternating cur- 
rent would preclude the use of all but those low 
frequencies that were successfully used in continuous 
machinery. Others in authority advised the use of 
1,000 cycles per minute or 16.66 cycles per second 
because that was the frequency that was used in a 
2-pole continuous-current generator running at a> 
speed of 1,000 revolutions per minute. This same 
authority felt convinced that eventually much of 
the vast power to be developed at Niagara Falls 
would have to be applied to continuous current 
machinery and as direct current for electrolytic pur- 
poses. This authority finally was overruled by the 
controlling engineers and executives of the project 
who decided to launch it on a frequency of 25 cycles. 
The first large blocks of power to be sold from the 
new plant would require continuous current for 
aluminum reduction and for the operation of the 
street railways of the city of Buffalo. Makers’ de- 
signs and tests had demonstrated the assured success 
of the 25-cycle synchronous converter thus per- 
mitting the adoption of that frequency. 

Much work of all sorts remained to be done in the 
new industry. Hydroelectric power in abundance 
was available on the Pacific Coast and in the inter- 
mountain region involving transmissions to available 
markets over long distances. There quickly de- 
veloped a need for standards in voltage and current 
wave forms, units for study and discussion, and 
application of inductance, capacitance, and leading 
and lagging reactive power. These needs were 
quickly supplied with few exceptions; one such was 
a choice of an intermediate frequency between the 
extremes then in use, 133 and 25 cycles, that would 
be more suited to the actual conditions existing in 
the Far West. It was greatly to the advantage of 
the hydroelectric power industry that the Far West 
was available for development closely following de- 
velopment at Niagara Falls. Various frequencies 
were tried: 40 cycles per second for Portland, Ore., 
50 for Los Angeles, Calif., and 60 for the San Fran- 
cisco Bay region. Fortunately the number of 
40-cycle developments have been few and the 
mechanical differences between 50 and 60 cycles 
were not so large but that they could be overcome 
econoinically with advances in speeds of prime 
movers and frequency changers for interconnections 
between the ever-increasing 60-cycle systems in the 
Los Angeles region and the local 50-cycle practice. 

Thus by 1915 the hydroelectric power transmission 
practice was stabilized at 60 cycles in the Far West, 
and elsewhere. Much support then was given to 
the study of the transmission technique required to 
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handle successfully power lines of indefinite length. 
Studies of voltage, power factor, and stability con- 
trol and regulation soon visualized the feasibility, 
when needed, of the 1,000-mile 60-cycle power trans- 
mission line. These studies, however, preceded the 
great depression that developed i in 1929. They had 
been made in the optimistic days of ‘‘reconstruction”’ 

that followed soon after the close of the great war— 
the years in which the transmission line voltages 
from the Big Creek hydroelectric stations to Los 
Angeles, 220 miles, were raised from 150 to 220 kv 
and the stations on the Pitt River were connected 
with 220-kv lines, 170 miles, to the markets of the 
San Francisco Bay region. During the depression 
years that followed 1929 the transmission engineers 
and their executives made intensive studies of the 
great rivals of hydroelectric power: the advances 
in steam power and the internal combustion engine 
using the available fuels, coal, oil, or natural gas. 
The purpose was to advance the economic balance 
of the nation’s resources. 

In some regions of the Pacific Coast water con- 
servation, irrigation, and hydroelectric power must 
be coérdinated for best economic results. In some 
of these regions the wisdom of ancient people who 
learned in the long past to live on irrigated lands, 
must not be forgotten. They learned that lands 
long irrigated become salted and that they must be 
restored to production by fresh water. Delta lands 
and low lands adjacent to the sea are likely to be 
invaded by sea water if the supply of fresh water by 
irrigation or otherwise is not ample. 

In general, power transmission engineers and 
executives are remaining alert in regard to the agegre- 
gate economics of power supply. This applies to 
the whole range of physical technique. Our civiliza- 
tion requires energy to carry on. For example, a 
132-kv line will and does supply a power hook-up 
necessary for a synchronized, convenient, inter- 
changeable, and economic supply of electric energy 
from point to point all the way from Chicago to the 
Atlantic and Gulf coasts. These points are sup- 
plied economically by hauling coal or by piping fuel 
oil or gas from the mines or wells. Substantially 
the same practice is developing on the Pacific 
Coast. This in effect amounts to a new type of 
power transmission and distribution. As such it 
is having a controlling effect upon the selection 
of voltages to be employed in new developments or 
extensions. 


FAR WESTERN CONDITIONS DETERMINE VOLTAGES 


The December 1933 issue of ELEcTRICAL ENGI- 
NEERING reveals that power transmission engineers 
continue to learn from the Niagara Falls-Buffalo, 
N. Y., transmissions and from the Boulder Dam-Los 
Angeles, Calif., transmissions, that hydroelectric 
power conditions in the Far West continue to deter- 
mine the advance in transmission line voltages. One 
of the remarkable things encountered through life 
has been the steady advances in voltage used for 
power transmission starting from the 10-kv single- 
phase pioneering in Southern California in the early 
nineties to be quickly followed by the 22-kv 3-phase 
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Niagara Falls-Buffalo transmission. With a sur- 
prising approach to uniformity the transmission line 
voltage has advanced approximately 6 kv per annum, 
or 240 kv during the last 40 years leading to the 
projected use of 275 kv on the 300-mile transmission 
lines now being erected from Boulder Dam in Black 
Canyon, Colorado River, over the Mojave Desert to 
Los Angeles. 

Through the half century of electric energy trans- 
mission for light and power, lightning has caused 
innumerable interruptions to service and much 
damage to equipment. A vast amount of study has 
been made of the origin and behavior of lightning. 
Real progress has been made in overcoming its 
hazards. Such studies and their results may be 
found in the A.I.E.E. TRANSACTIONS. 

Ail the nation has profited greatly by this exchange 
of benefit from power transmission and distribution 
on the extreme sides of our country and through its 
great interior valley. It is literally true that all the 
world has thus profited. Most authors of the 
narratives found in this May 1934 issue of ELEc- 
TRICAL ENGINEERING will remember their days in 
college when it often was noted that the highest 
advances for students in physics, chemistry, and 
the applied sciences were to be made by European 
study. It has been a great satisfaction to many of 
these same authors and to others to find the United 
States now in readiness to repay such debt to Mother 
Europe. In recent years Commonwealth Fund fel- 
lows have come to our country for 2-year studies 
from Cambridge and the University of London, 
England, CRB fellows from Belgium (Commission 
for the Relief of Belgium Educational Foundation) 
and a Volta fellow from Italy for the study of electro- 
technics in lectures, classes, laboratories, factories, 
and fields of practice in the United States. From 
our own experience we realize the profound effect 
upon these young men that sojourn among us will 
have. What will they do in Great Britain and the 
British commonwealths, in Belgium and the Belgian 
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Trend in Maximum Transmission Voltages 


Congo, in Italy and North Africa? Perhaps the! 
electrification of the Nile Valley and the transmissior. 
of hydroelectric power from the high level lakes ir| 
the Himalayas to Calcutta, India, will be among 
their achievements. . 
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Water Power Development 
By W. S. Lee,* President A.I.E.E. 1930-31 


ROM the crude water 

driven devices of an- 

cient days, there has de- 
veloped one of our greatest 
and most economicalsources 
of energy—the modern hy- 
dro-electric development. 
For at least 3,000 years the 
energy derived from water 
hasserved to lift burdensome 
tasks from the shoulders of 
mankind. Today energy 
derived from water power 
performs a myriad of tasks 
to an extent but yesterday 
undreamed of, thereby serv- 
ing mankind in providing 
his needs—food, raiment, 
and shelter. To outline the 
course of development 
through the centuries, from the early 
current wheels that served the simple 
needs of grinding grain and lifting 
water to the modern turbine driven 
generators that serve the complex needs 
of civilization today over vast trans- 
mission networks, is not attempted in 
this article. 

The origin of the water wheel is lost 
in the shadows of the past, although 
over 30 centuries ago current wheels 
actuated by the energy of moving 
water were itf use on the Nile, Euphra- 
tes, and other rivers of the then civi- 
lized world. From these free current wheels were de- 
veloped the undershot, overshot, impulse, and breast 
wheels which operated in restricted artificial channels 
so that the water could be directed and controlled 
and the water head utilized as well as stream velocity. 
The fundamental principles of the present day tur- 
bine—wherein the water acts mainly by impulse or 
reaction or both, and the velocity has a definite rela- 
tion to the head—can be distinguished in water 
wheels constructed in the sixteenth century. The 
development of the modern turbine can be said to date 
back to the early part of the nineteenth century when 
the outward-flow turbine was developed by Fourney- 
ron and the axial discharge type by Jonval and Hen- 
schel. The inward-flow turbine, in which the action 
of the Fourneyron turbine is reversed, was patented 
by Howe in 1836 and was greatly improved by Fran- 
cis about 1847, who is regarded by many as the 
originator of this type. In the course of develop- 
ment radical departures have been made so that the 
modern Francis turbine is of a combined radial and 
diagonal inward-discharge type. Impulse wheels 
were an early development, the first major improve- 
ments being made about 1853 by Atkins and devel- 


* Deceased March 24, 1934; see ELECTRICAL ENGINEERING, April 1934, p. 636. 
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Although energy derived from water has 
been utilized by man for at least 3,000 
years, its greatest development has come 
within the lifetime of the Institute and after 
the first hydroelectric ‘‘central station’ was 
constructed at Appleton, Wis., in 1882— 
a ‘'250-light’’ installation. 
the utilization of water power for the 
generation of electricity has expanded until 
now the aggregate installed capacity of 
hydroelectric plants in the United States 
is more than 15,000,000 hp. Some sig- 
nificant events in this development are 
outlined briefly in this article. 
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oped to extensive use by 
Pelton, who, in 1882 and 
subsequent years, made 
radical changes and im- 
provements in design. This 
type of wheel is used exten- 
sively for high head de- 
velopments. 

The first great water 
power development in the 
United States was made on 
the Merrimack River in 
1822 near Lowell, Mass., 
followed by similar devel- 
opments on the same river 
at Manchester, N. H., and 
Lawrence, Mass. These 
developments had capaci- 
ties of 10,000 to 12,000 hp 
each, using a great number 
of wheels installed at factories along 
the various canals. These early de- 
velopments followed by similar ones at 
Cohoes, N. Y., in 1828 and at Lewis- 
ton, Me., in 1849, were used chiefly by 
the textile industry which, due to the 
availability of water power, expanded 
at a rapid rate throughout the New 
England-New York area. In fact, this 
section of the country retained its pre- 
dominating position in the textile in- 
dustry until the extensive development 
of hydroelectric power together with 
other factors resulted in the movement 
of a large part of this industry to the South. The 
water power development of the Connecticut River 
at Holyoke, Mass., in 1848 and the developments of 
the Fox River in Wisconsin were devoted largely to 
paper manufacture. The water power of the Gene- 
see River at Rochester, N. Y. (1856), and on the 
Mississippi River at Minneapolis, Minn. (1857), 
were utilized largely for the manufacture of flour. 
The year 1861 saw the beginning of development of 
power at Niagara Falls, a canal being constructed 
and in subsequent years water being delivered to 
various factories; in 1881 a central powerhouse was 
built, the energy being transmitted to a number of 
factories by means of belts, ropes, and shafts. In 
spite of the fact that the factory had to be brought to 
the power site and the machinery driven directly 
from the wheels, the utilization of water power con- 
tinued to increase, there being in excess of 1,000,000 
hp installed by 1870. 

When the A.I.E.E. was organized in 1884, hydro- 
electric power was in an embryonic stage. An are 
light machine had been installed at Quigleys Mill in 
1881 supplying a few customers in Niagara Falls, and 
an installation of 250-light capacity had been made in 
1882 at Appleton, Wis.; this latter generally is re- 


Since that time 
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(Left) A 1,500-kva 
200-rpm water- 
wheel plant of 25 
years ago, show- | 
ing the inefficient 
method of driving 
the machines then 


in use 
(Electric Mach. Mfg. Co. 
photo) 


(Above) Little Falls power house of 
the Washington Water Power Com- 
pany, showing the 150-rpm, 4,000- 
volt 5,000-kva horizontal cast frame 
generators (1909-11) 


(General Electric photo) 


(Above) Twilight view of the 108,580-hp 
“Pit No. 3" hydroelectric station on the Pit 


River in Shasta County, Calif. 
(Pacific Gas & Elec. Co. photo) 
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Some 
Hydroeleci 
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(Below) Shop assembly of the fir 
completed intake gate for the Bould 
Dam development. This lower gate 
26 ft high and 37 ft in diameter, weigl 


ing 260 tons 
(Westinghouse photo) 
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ower Stations 
quipment 
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(Above) Generator room of the hydroelec- (Top) Old Brown's Valley hydroelectric 
tric plant at Dnieprostroy, on the Dnieper plant which was constructed by the Yuba 
River, U. S.S. R. These 5 units, each rated Electric Power Co., in Calif., in 1889, 
77,500 kva, were the first to be put in service; it is now abandoned 

9 turbines to de- (Pacific Gas & Elec. Co. photo) 

velop a total of 
750,000 hp have 


been installed 
(General Electric photo) 


Old Colgate Plant on the Yuba River, Calif., 
from which the first 60-kv transmission line was 
constructed to Oakland, a distance of 110 


miles 
(Pacific Gas & Elec. Co. photo 


(Above) Mill Creek No. 1 plant 
(Calif.) as it appeared in 1902. This 
plant, which was built in 1892-93, 
was connected to what is said to be 
the first polyphase high-voltage trans- 
mission line, a 3-phase 11-kv line 
extending from Mill Creek to Red- 
lands (16 miles). The original in- 
stallation consisted of 3 250-kw 
2,400-volt machines, one of which is 


still in operation 
(Southern Calif. Edison Co. photo) 


(Left) One of the famous Niagara 
Falls 65,000-kva 107-rpm 12,000- 
volt generators, with air discharge 
housing removed showing the cast 


frame construction 
(General Electric photo) 
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ferred to as the first U.S. hydroelectric central sta- 


tion. In 1889 the first alternating current hydroelec- 
tric installation, consisting of 2 300-hp water wheels 
belted to single-phase generators, was made at Oregon 
City, Ore., by the Willamette Falls Electric Com- 
pany, power being transmitted 13 miles to Portland. 
In 1890 the Telluride Power Company installed at 
Ames, Colo.,2 150-kw3,000-volt single-phase gener- 
ators, directly connected to Pelton water wheels, 
power being transmitted 5 miles to Telluride. The 
years 1892-93 saw the beginning of long distance 
transmission of electric power at San Antonio, Calif., 
800 hp being transmitted 28 miles to San Bernardino. 
In 1893, the first commercial 3-phase installation, 
consisting of 2 250-kw 2,400-volt Y-connected gen- 
erators, driven by Pelton wheels, was made by the 
Redlands Electric Light and Power Company in 
southern California, power being transmitted 71/2 
miles to Redlands and there used for both lighting 
and motor applications. During this same year a 
polyphase plant was installed at Hartford, Conn., 
400 kw being transmitted 11 miles at 5,000 volts. 
No attempt has been made to include all hydroelec- 
tric plants constructed in the 10-year period from 
1884 to 1894, but only those in the United States 
representing major innovations and developments. 
Plants were being projected and built throughout the 
country, there being about 300 in operation by 1896, 
and it is entirely possible that the ones referred to are 
not the first of their particular types. 

The year 1895 marked the beginning of the modern 
central station era and the recognition of the suprem- 
acy of polyphase alternating current for generation 
and transmission when the 5,000-hp units began 
operation at Niagara Falls. The turbines for these 
units were of the Fourneyron type, double-wheel, 
outward discharge without draft tube, and operated 
at 250 rpm at a head of about 140 ft. The guaran- 
teed efficiency of these turbines was 75 per cent at 
full gate opening. The generators were of the um- 
brella type, the rotating field element being external 
to the stationary armature, 2-phase power being 
generated at 2,000 volts, 25 cycles. In 1896, power 
delivery from Niagara Falls to Buffalo began, the 
initial use being about 1,000 hp for the operation of 
street railways. Power was transmitted at 11,000 
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Chute a Caron hydro- 
electric development 
on the Saguenay River, 
Canada, about 125 
miles north of Quebec 
and operated by the 


Alcoa Power Com- 
pany, Ltd. ‘This de- 
velopment supplies 


power for the produc- 
tion of aluminum and 
newsprint 


volts, 3 phase, the distance being approximately 22 
miles. 

Utilization of hydroelectric power resources has 
proceeded at an ever increasing rate since 1895 and 
far-flung transmission networks have been evolved. 
Generating units have increased steadily in size: 
31,000-hp units were in operation in 1916, 70,000-hp 
units in 1924, and at the present time 115,000-hp 
units are under construction. To transmit the ever 
increasing blocks of power over greater distances, 
the transmission voltages have been successively 
raised: In 1896 the maximum commercial voltage 
was 25,000 volts; in 1903 the first 60,000-volt line 
was installed; and by 1909, 100,000-volt transmis- 


Growth of Water Power Development in the United States 
1869-1933 as Shown by Capacity of Water Wheels Installed 
at End of Year 


Year Horsepower Year Horsepower 
1 21a} ee ecto cen ecu eee 1,150,000 ath eee eretor A edict 3.c 7,590,000 
VST Oss eee cine: ee 1,250,000 1920 horas apes patents 7,800,000 
US SOEs oe antcte eects 1,300,000 192) i Rae con ee eee 8,050,000 
LOO De acniencn ee orcas 2,050,000 1! eam So Gi caehc 8,270,000 
LOO (A omotrciceiae mies 3 3,250,000 O28 ici ccceatetrnal ene ee 9,090,000 
LOO eee series. hoe oe 3,870,000 LO 24 ite areca «tee tare 10,040,000 
LOUOSe ge estore 4,220,000 lO25 cy. ome one 11,180,000 
LOTT Peer east sees 4,530,000 1926 Rrcvecine eine eee 11,720,000 
DOU Des seatey See ees seen 4,770,000 19275 a ve,5 Resin ee we eee 12,296,000 
LOLS eesrnsee a rsdcerrtrancvanets 5,480,000 O28 perry carne reenere 13,572,000 
TON a ane n Ath uae a ie 5,790,000 Ho) Beet arora tens te 13,808,000 
TOUS = ae reese eee ac 6,140,000 F930 jeer ccc oeene me 14,885,000 
NOU G ciate. ets 6,470,000 LOSE. Serena varices ee 15,620,000 
To Wy earmont rar ace cetmcin e 6,800,000 1982s eine ute eaenree 15,802,000 
TOV Sie mane or een eMye 7,110,000 LOSS one os eons ee 15,930,000 


sion was an accepted fact. Since then, 132, 165, 
and 230 kv lines have been installed extensively and 
a line is now under construction to operate at 275 
kv; the next step is 330 kv and this seems not far off. 

Not only has the size of individual units and of 
plants increased, but also the efficiency of unit, plant, 
and system has been steadily improved. Modern 
turbines in conjunction with the latest types of water- 
ways, show efficiencies at rated load of well over 90 
per cent even for low head plants and relatively small 
units; for the larger units, efficiencies of over 93 
per cent have been obtained. Generator and trans- 
former efficiencies have been improved, now being 
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in the neighborhood of 97.5 and 99.2 per cent, re- 
spectively, for large units. Transmission efficiencies 
due to unified system operation and proper design 
have been greatly improved. Thirty years ago a 
plant efficiency of 70 per cent was considered ex- 
cellent; today 89 or even 90 per cent can be attained. 
Coérdination of steam and water power resources, 
coérdination and control of water storage facilities, 
coordinated operation of systems and the parts 
thereof, and coérdination and coéperation to secure 
the maximum economic use of interconnection facili- 
ties between systems, have resulted in vast improve- 
ment in system efficiency. 

The Duke Power Company, with which the author 
of this article has been connected since its inception, 

is taken as an illustration of typical power system de- 
_ velopment. Starting with one plant of 10,000 hp, 
_ which in 1904 began operation, generating and trans- 
mitting power at 11,000 volts, this system now has 
598,000 kw in hydroelectric and 287,000 kw in steam 
facilities, the annual power generation being in excess 
of 13/, billion kilowatthours. The transmission net- 
works covering the Piedmont industrial area of the 
Carolinas consists of over 4,000 miles of circuits, 
approximately 1/2 of which are 100-kv lines. Inter- 
_ connection is made with adjoining power companies 
at several points where power interchange is eco- 
nomical and of mutual benefit. Of particular inter- 
est are the hydroelectric developments on the Ca- 
tawba River, where 12 plants utilize over 90 per cent 
of the total head between el 140 ft and el 1,200 ft, 
and in conjunction with water storage facilities, 
provide almost complete regulation and utilization 
of the river. The Bridgewater, Rhodhiss, and Ox- 
ford developments on the upper reaches and the 
Catawba development located below the junction 
of the South Fork, have large storage reservoirs for 
_ retention of flood waters and excess river flow. The 
total reservoir storage capacity when utilized over 
the plants below amounts to 277 million kilowatt- 
hours; the development, construction, and co6rdi- 
nated operation of this vast storage with the run-of- 
river plants, steam, and interchange facilities, has 
been the result of careful study and a definite plan of 
procedure. The first development had a plant effi- 


Interior of Chute a 
Caron station. The 4 
units operate under a 
head of 150 ft and are 
rated 65,000 hp each 
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ciency of about 70 per cent; many of the modern 
developments show plant efficiencies at full load of 
88 to 89 per cent. Transmission efficiency has been 
steadily improved and for the year 1933 the efficiency 
of transmitted power from the generator terminals 
to the customer’s meters was over 86 per cent. 
While this system has been discussed in some detail, 
it is but one of the many great hydroelectric systems 
whose transmission networks cover the nation. In 
the main, the story of one system is a story of all— 
maximum utilization of natural resources for the 
common benefit of power consumers and power pro- 
ducers. 

Centralization and codrdination of power resources 
have been effected solely for economic reasons: to 
give uniform and reliable service; to maintain and 
even lower power rates in the face of ever increasing 
costs; to make the investments sufficiently attractive 
that the properties can be financed; to afford the 
support of organizations highly trained in efficient 
planning, constructing, operating, and improving the 
systems and the parts thereof; and to engage aggres- 
sively in the development of additional power uses by 
domestic, commercial, and industrial consumers. 
Today the aggregate capacity of hydroelectric equip- 
ment installed in the United States is more than 
15 million horsepower, generating about 35 billion 
kilowatthours annually; and the rate of increase is 
more rapid than for power generation by steam— 
from 1927 to 1932 installed hydroelectric capacity 
increased 37.6 per cent while the capacity of all prime 
movers increased 34.3 per cent. 

While our great power industry as now constituted 
has contributed so much to the needs of mankind 
and has been such a great factor in the upbuilding of 
our nation, sinister shadows tend to stunt, if not to 
kill, future normal growth. We are faced not with 
constructive regulation for the greatest good to 
both power producer and power consumer, but with 
destructive governmental regulation, destructive 


governmental competition, and destructive taxation. 
Unless saner judgment prevails, this great industry 
will see its handiwork sacrificed to political ambition, 
political oppression, and political aggression—to the 
lasting benefit of none and to the detriment of all. 
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Some Reminiscences of Niagara 


By P.M. Lincoln, President 1914-15 


LECTRICAL — equip- 
ment of the Niagara 
Falls Power Company, 

which began operation in 
1895, was unique in many 
particulars. First, it was 
unique in size. The elec- 
tric generators installed at 
Niagara Falls in 1895 were 
of approximately 4 times 
the capacity of the largest 
previous electric generators 
that had ever been built. 
They were rated and were 
capable of carrying 5,000 
home nise stating 1s. ~ of 
course, almost microscopic 
when compared with some of our pres- 
ent-day generators; but nearly 40 years 
have passed since the starting of the 
Niagara plant. I think I am correct 
in stating that the Niagara generators 
represent the largest single step forward 
that has ever been taken in generator 
design. It speaks well for the ability 
of their designer, Mr. B. G. Lamme, 
to note that these generators are still 
in operating condition and even now 
are used occasionally to carry a part of 
the Niagara Falls Power Company’s 
load. That they have been taken out 
of regular service is not due to any deficiencies of 
the generators. 

One of the farseeing innovations that Lamme 
introduced into Niagara generators was the use of 
mica as the insulation on the armature conductors. 
This choice of mica was fortunate. Tests made 
many years later showed temperature rises in the 
armature conductors that were totally unsuspected 
during the operation in the earlier years. These 
later tests showed temperatures of the order of 
200 deg C under the heaviest loading conditions. 
The fact that Mr. Lamme’s mica insulation stood 
up for many years under any such temperatures is 
not only a tribute to his genius in selecting mica as 
the insulation, but also is a commentary on the 
temperature measuring methods of that early day. 

Another unique feature of the first Niagara plant 
was the design of the exciting system. While we 
can justly say that remarkable foresight and genius 
marked the design and construction of the first 
Niagara generators, the total absence of these 
qualities marked the design of the exciting system. 
It seems incredible, but it must be recorded, that 
the only exciters provided for this first Niagara 
plant consisted of rotary converters, which were to 
be run from the main bus bars. Fortunately, there 
was available in a neighboring building a direct- 
current steam-driven machine which had been used 
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Although almost microscopic as compared 
with modern electric generators, the 5,000- 
hp generators installed at Niagara Falls in 
1895 had a capacity of about 4 times that 
of the largest generator previously built. 
Some of the early operating experiences 
at Niagara are related here by a past- 
president of the Institute who was the 
first operating superintendent and who was 
in charge of the construction and operation 
of the original Buffalo-Niagara 11,000-volt 
3-phase transmission line. 
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in connection with the con- 
struction of the wheel pit 
and water tunnels; this 
machine was used to excite 
the main generator for the 
purpose of starting the ro- 
tary converters that in turn 
were to be used for exciters. 
In case of an accident that 
would shut down the entire 
plant, we were helpless, of 
course, without this steam 
driven machine to enable 
us to start up again. For 
the first 2 or 3 years of 
operation it was therefore 
necessary to keep this steam 
driven machine either running or ready 
to run at a moment’s notice, to guard 
against a total shutdown of the main 
plant. ; 

A more unsuitable design for an 
exciter system could not be imagined. 
At the end of the first 2 or 3 years’ 
operation, water wheel driven exciters 
were installed; and not until then 
were we free from the necessity of 
keeping this steam driven unit con- 
stantly ready for instant service. It 
is a commentary on the state of the 
art at the time that such an oversight 
could have occurred in the design of the exciter 
system. 

Still another unique feature of the Niagara plant 
was the frequency adopted—25 cycles. The cir- 
cumstances that led to the adoption of this frequency 
are set forth by Mr. Edward D. Adams in his “‘His- 
tory of the Niagara Falls Power Company”’ (v. II, 
p. 236-8). As Mr. Adams points out, 25 cycles was 
a compromise. It is worthy of note, however, that 
25 cycles became a standard frequency and was 
subsequently used to a considerable extent, par- 
ticularly in the United States. 

Niagara was unique in that it was primarily in- 
tended for power rather than light as were most of 
the preceding electric installations. It was one of 
the earliest and by far the largest electric power 
installation of the time. It was unique further in 
that the methods used for the generation and dis- 
tribution of power were new and untried—at least 
on the scale attempted at Niagara—namely, al- 
ternating current, polyphase. Practically all the 
users of Niagara service were power users. The 
first user was what was then called the Pittsburgh 
Reduction Company, now the Aluminum Company 
of America. That plant started on August 26, 1895; 
it soon was followed by the Carborundum Company 
and soon after that by the Union Carbide Company. 
Other loads followed rapidly. The plant was suc- 
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- power were local, located not 


_ ing cities, particularly Buffalo. 


Exterior of Niagara Falls power 
house No. 1 


cessful from the beginning. 

There were troubles, of course, 

but none insurmountable. 
Early users of Niagara 


over a mile from the power 
house. With the success of 
the local use of power, there 
naturally came consideration 
of its transmission to neighbor- 


There was naturally quite 


_ some misgiving as to our ability to give satisfactory 


service in Buffalo, but this step was undertaken the 
year following the starting of the Niagara plant, 
that is, during the autumn of 1896. Many new 
problems arose in connection with the transmission 
of Niagara power to Buffalo. I think I can do no 
better than to quote from a report that I prepared 
some 15 years ago for incorporation in Mr. Adams’ 
history of Niagara Falls. 

[Epiror’s Note: The remainder of this article is 


_ republished from ‘‘Niagara Power, History of The 
Niagara Falls Power Company, 1886-1918,” by 
_ Edward Dean Adams, v. II, p. 276-86. These 2 


volumes were published privately in 1927 by the 
Niagara Falls Power Company, Niagara Falls, N. Y., 


_ on the fiftieth anniversary of its foundation. | 


REPORT OF OPERATING SUPERINTENDENT 


The supervision of the details of material and 


erection of the transmission line was the responsi- 


ic aoe 


bility of the company’s resident electrical engineer 
and operating superintendent, Paul M. Lincoln, who 
describes his work in this connection by the following 
statement made in 1920: 

The first Niagara-Buffalo transmission line on the 
American side of the Niagara River went into service 


_ during the fall of 1896. As the operating superin- 


tendent for The Niagara Falls Power Company, it 
became my duty to supervise the operations of this 
transmission line from the time it went into service 
in 1896 until I severed my connection with The 
Niagara Falls Power Company in May 1902. 

The status of electrical transmission as of that date 
has been set forth in the preceding chapters. Suffice 
it to say that at that date the use of alternating 
currents for lighting was only 10 years old and its 
use for power purposes was almost unknown. The 
few previous attempts to use alternating currents for 
power purposes were exceedingly crude and were on 
a much smaller scale than that proposed for the 
Niagara-Buffalo transmission. 

In the construction of the Niagara-Buffalo trans- 
mission line, such precedents as then existed were 
followed. These precedents in turn had followed 
the practice of telegraph construction—the only 
precedent there was to follow in that day. 

The following statement is based on my personal 
recollections of 6 years’ direct contact with this 
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transmission, and is reinforced by the opportunity 
which has been afforded me of perusing the corre- 
spondence that passed at the time when the purchase 
of equipment for this transmission was contemplated. 

The construction of the Niagara-Buffalo line fol- 
lowed the recognized practice of the period for tele- 
graph lines—the only precedent there was to follow 


at that time. The poles, cross arms, pins, and insu- 
lators were of course heavier than those used in 
telegraph practice, also all poles on curves were 
either braced or guyed. At corners, double poles 
were used, but in other than these details construc- 
tion was very similar to that used in the telegraph 
practice of the day. 

The photographs reproduced herewith show but a 
single line on the poles; this is because these par- 
ticular photographs were taken before the second 
line was erected. To meet the problem of con- 
tinuity of service it was essential to have more than 
one transmission line available for use at all times. 
Two such lines were installed at the beginning, either 
one of which would easily carry all the power taken 
by Buffalo during the first few months or year. It 
was always the policy of The Niagara Falls Power 
Company to have a sufficient number of lines in 
service so that at any time one line could be shut 
down for inspection or repair and the remaining lines 
could easily carry all the power required. 

The Niagara-Buffalo line was a relatively short 
one, only about 22 miles from the step-up station in 
Niagara to the step-down substation in Buffalo. 
Today this would hardly be called a transmission, 
but rather an enlargement of the distribution area. 
Also, the voltage used was not high—11,000 volts— 
3-phase—a voltage that today would be viewed as a 
distribution voltage. Other plants, even at that 
time, were transmitting power at higher voltage than 
that. However, in some aspects the Niagara-Buffalo 
transmission was unique and of historical importance. 
In the amount of power transmitted and in the im- 
portance of the service rendered by the transmitted 
power, the Niagara-Buffalo transmission transcended 
anything that had been attempted previously. The 
first load in Buffalo to be operated by this trans- 
mitted power was the street railways of Buffalo. 
Any failure of transmitted power was, therefore, 
heralded immediately throughout the entire com- 
munity. Other loads were soon added which were 
almost as important. The first requisite for trans- 
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Original 5,000-hp 2-phase Niagara generators 


Although the a-c system had been pronounced impossible for 
Niagara, these Westinghouse generators, built in 1894-95 and 
several times as large as previous a-c machines, are still oper- 


ating. The external revolving field eesien prevailed for the 


first 10, then the internal revolving field was used. 


mitted power was therefore continuity. It soon 
developed that the success or failure of Niagara 
power in Buffalo depended on keeping the supply 
continuously available in Buffalo. Then, therefore, 
began the long battle for continuity of service, a 
battle that has been waged not only on the Niagara- 
Buffalo line but on every other transmission line 
that has gone into service since then. 

In 1896, transmission line equipment was not what 
it is today. Lightning arresters were totally in- 
adequate; the oil switch was not yet known; the 
insulator was woefully defective and such a thing 
as reversed power protection was not even dreamed 
of. The experiences of the Niagara-Buffalo trans- 
mission were to have a material effect on the evolu- 
tion of transmission technique. 


LIGHTNING 


Lightning was one of the first as well as one of the 
most formidable enemies that the Niagara-Buffalo 
transmission had to fight. There never has been a 
complete answer to the lightning problem, but at 
that period there was hardly even a beginning to the 
later progress. The bettering of line insulation and 
construction has been one of the chief factors that 
has reduced interruptions from lightning. Nothing 
has been developed that has eliminated ail inter- 
ruptions from lightning and in my opinion there will 
be no such development. A direct stroke of light- 
ning is almost sure to cause an interruption of service 
on the line affected; if, beyond this, equipment at- 
tached to the transmission line is not destroyed, the 
operators may consider themselves fortunate. Direct 
strokes, however, are not common and it is a lucky 
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thing for the transmission of elec- 
tric power that thisisthe case. But 
there are severe strains imposed on 
the insulation of transmission lines 
and the equipment connected there- 
to whenever lightning occurs any- 
where in the neighborhood of a 
transmission line. The severity of 
these strains depends on the severity 
of the lightning discharge as well as 
its proximity. Against these indi- 
rect effects it is possible to secure 
some degree of protection. In 1896 
the amount of protection that could 
be secured was an unknown quan- 
tity. : 
aeeander J. Wurts of the West- 
inghouse company had been doing 
valuable work on the problem of 
lightning protection. (See paper 
by Mr. Wurts, A.I.E.E. TRANs., 
March 1892 and May 1894.) 
He had developed a so-called ‘“‘non- 
arcing” lightning arrester, a series of cylinders made 
up of metal that would permit the lightning discharges 
to pass, but presumably would prevent the generator 
current from following. These arresters were tried 
out on the Niagara-Buffalo transmission line with con- 
siderable hope that they would perform as expected. 
However, it was soon found that the low frequency 
in use on the Niagara system coupled with the large 
amount of power in the installation back of the line, 
caused almost a complete failure of the so-called 
“nonarcing’’ properties of these arresters. An arres- 
ter which would operate with perfect success on a 
system of a few hundred kilowatts failed utterly to 
quench the arc when the Niagara generators were 
back of that arc. This was one of the points where 
the size of the Niagara system introduced a new 
problem. It was found that in order to make these 
arresters suppress the arc successfully it was neces- 
sary to introduce a resistance into the discharge 
circuit to limit the amount of current that could flow. 
This in turn limited the effectiveness of the arresters. 

Both the Westinghouse and the General Electric 
companies worked ardently on this lightning arrester 
problem but neither was able to produce a complete 
solution. In fact it has always been a serious ques- 
tion in my mind if the lightning arrester on the 
Niagara-Buffalo line accomplished anything at ail 
toward continuity of service. There may have been 
some occasions when the arresters took care of light- 
ning surges that might have caused damage and 
interruption of service without them; also there were 
other occasions when the failure of the arresters to 
quench the generator current caused service inter- 
ruptions that would have been avoided if there had 
been no arresters. The use of lightning arresters on 
transmission lines is still a mooted question. In 


general it has been found that the higher the voltage 


of transmission, the less necessary lightning protec- 
tion becomes. With the very high voltage used in 
some of our latter-day transmissions, the voltage 


strains caused by lightning are but little if any 


higher than the normal voltage strains. The higher 
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the voltage used for transmission, the less necessary 
becomes lightning protection, due to the fact that the 
operating voltage requires so high an insulation. 
All this, however, was not known in 1896, and we at 
Niagara had to pass through the labor pains of the 
birth of this knowledge. 

The design and construction of the first Niagara- 
Buffalo line incorporated one method of protection 
against lightning that proved disastrous. Theo- 
retical considerations indicated that grounded guard 
wires over the transmission lines would be effective, 
at least to some degree, in shielding the transmitting 
conductors from lightning. Three such guard wires 
were installed on the original line. Unfortunately, 
however, the material selected for these guard wires 
was standard barbed fence wire. So long as the 


_ guard wires remained intact they were undoubtedly 
{ effective to a considerable degree in protecting the 


é 


line. But the material of these guard wires was not 
equal to the strains put on them in this service and 
occasionally they would break and fall across the 


, transmitting conductors below. This would cause a 
_ short circuit and usually a complete interruption of 


a 


service. The worst of it was that often service could 


not be restored until the broken guard wires had 


been found and removed. Guard wires, therefore, 
were not found to be conducive to continuity of ser- 
vice in this case. After the experience of a few of 
these guard wires being broken, the guard wires 
were removed. ; 

In passing, I might remark that this experience 
has not shaken my faith in the efficacy of guard 
wires as protection against lightning. It is still my 
opinion that guard wires properly installed constitute 
the best protection available against lightning; how- 
ever, the ‘“‘properly installed” should be emphasized. 

To recapitulate, lightning was probably the great- 
est single cause of service interruption on the Nia- 
gara-Buffalo transmission, partly because of the 
severity of lightning storms on the Niagara frontier 


_ and partly because of the insufficiency of knowledge 


in methods of combating the difficulty. Not a 
small part of this knowledge resulted from our experi- 
ence on this particular transmission line. While we 
were not able to obtain perfect protection from light- 
ning, the interruptions we were getting at the end 


_ of my 6 years’ connection with the Niagara-Buffalo 


transmission were not so serious as at the beginning. 
We were continually getting the better of the prob- 
lem of interruption by lightning. This is evidenced 
by a record of more than a year’s operation without 
a single interruption of service from lightning or any 
other cause—a record that has been made by this 
Niagara-Buffalo transmission. 


LINE INSULATORS 


The line insulator constituted another problem 
that we on the Niagara-Buffalo transmission had to 
meet and meet with but little previous experience to 
guide us. The early transmission lines followed the 
practice already set by the telegraph. The only 
previous departure from this practice had been the 


mitted from a water-power [station] at Lauffen to 
the city of Frankfort—a distance of about 100 miles. 
30,000 volts was used in this installation—a voltage 
far above anything that had been used previously. 
The installation was not intended to be a permanent 
one. One of its main purposes was to advertise an 
exposition then going on in the city of Frankfort, 
and it was more or less of an experiment. The 
insulators used on this transmission were provided 
with an oil cup so designed that an oil covered surface 
was interposed into the path of any leakage current 
over the surface of the insulator. At that time, it 
was not considered practicable to use any other type 
of insulator on so high a voltage. It is also note- 
worthy to observe that in its earlier proposals for the 
insulators on the Niagara-Buffalo line (made either 
late in 1893 or early in 1894) the Westinghouse com- 
pany proposed to use similar oil filled insulators. 
Apparently the oil filled insulator idea was later 
abandoned and both the Westinghouse and the 
General Electric companies proposed insulators of 
the general type later adopted. This is of interest 
as indicating the unsettled state of the transmission 
art at this early day. The drift of actual practice 
has been entirely away from the oil filled insulator. 
So far as I know, the Frankfort-Lauffen transmission 
was the only case in which oil filled insulators were 
ever actually used in power transmission, but they 


Helmet type insulator used 
on original Niagara Falls- 
Buffalo transmission line 


(Right) Wurt’s lightning 

arresters at Niagara end 

of Buffalo transmission cir- 
cuit, 1913 


were seriously considered in 1893 or 1894 for use on 
the Niagara-Buffalo line. 

There were a number of designs of insulators tried 
out on the Niagara-Buffalo line. In every case the 
material was porcelain, but the shape, size, and 
method of manufacturing differed. Among other 
types a large number of porcelain insulators made 
by the dry process were installed. These insulators 
were more or less porous and after some months of 
operation would absorb enough moisture to become 
slightly conducting. This in turn would lead to the 


Frankfort-Lauffen transmission in Germany during burning of pins, cross arms, and pole tops. Many 
1891. In that installation, power had been trans- difficulties of this nature were encountered and 
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eventually all insulators of this type were taken 
down and rejected. To eliminate insulators of this 
character we developed the method of soaking them 
in salt water, using a salt water bath in which the 
insulators were partially immersed upside down and 
then filling the pin hole with salt water and applying 
the test voltage between the water in the pin hole 
and that of the bath. After this method of test had 
been adopted the defective porous insulators were 
quickly detected and rejected. In all about 40,000 
of these dry process insulators were rejected in con- 
nection with this transmission. In many cases, 
however, the rejection did not take place until after 
the insulator had been in service for some time and 


Fuse-release 10-kv Niagara circuit breaker 


Melting of a fuse released a hinged arm 4 ft long which fell, 
drawing a momentary long arc. This type was used on the 
early Niagara Falls-Buffalo circuit 


had had the opportunity to contribute its quota 
against us in our battle for continuity of service. 
Except for our disastrous experience with these 
dry process insulators, the porcelain insulators we 
used at Niagara were fairly satisfactory. We knew 
more about the insulator problem after our 6 years’ 
experience than we did before, of course, and the 
design and construction of porcelain insulators re- 
ceived a decided impetus from this experience. It is 
worthy of note, too, that one of the modern under- 
lying types of insulators—the Hewlett-Buck insu- 
lator (suspension type now almost universally used 
on high voltage lines)—had its origin in connection 
with the Niagara-Buffalo transmission line. This 
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particular type of insulator was not used, to be 
sure, on this first line but the problems of this line 
induced its conception. 


SWITCHES AND PROTECTIVE DEVICES 


In 1896, protecting devices for transmission lines 
were conspicuous by their complete absence. The 
oil switch had not yet been conceived and there was 
no method known by which a short circuit on an 
operating transmission line of the capacity we had 
at Niagara could be opened without shutting down 


‘the entire system. The only overload protection 


we had at the beginning of operations was fuses. It 
soon developed that the fuse under these conditions 
was a menace and not a protection. The amount of 
power to interrupt was so large that the fuses of 
that day could not begin to interrupt a short circuit 
successfully. After this fact had been demonstrated 
by several sad experiences, all fuses were removed. 
The only alternative was so to arrange that the 
entire plant would be shut down in case of a short 
circuit. This was accomplished by causing the field 
circuit breakers on the generators to trip in case a 
short circuit came on and persisted. Since most of 
the short circuits occurred on the Niagara-Buffalo 
line, it soon became necessary to separate the trans- 
mitted load from the local load so that an inter- 
ruption on one need not involve the cther. There 
were a great many more short circuits on the trans- 
mission line than there were on the locally supplied 
load and the local load users objected strenuously to 
being shut down every time a short circuit occurred 
on the transmission lines. Hence the separation of 
the 2 loads. 

The necessity of shutting down the entire system 
whenever a short circuit occurred pointed strongly to 
the necessity of securing a switch that was capable 
of interrupting a short circuit. No such switch 
existed at that time and the problem was put up to 
the manufacturing companies for solution. The 
General Electric Company started the development 
of the oil circuit breaker while the Westinghouse 
company preferred a design that used long air breaks. 
As development proceeded and experience was ac- 
cumulated it was apparent the General Electric Com- 
pany had chosen the right path in this case. While 
air break switches might be satisfactory on the 
11,000 volts that the Niagara-Buffalo line started 
with in 1896, it became evident as experience accu- 
mulated that with higher transmission voltages 
which was expected to be adopted within a few 
years, the air break switch would not be satisfactory. 
Even with the 11,000-volt transmission, their opera- 
tion was far from satisfactory. I personally saw its 
operation on one occasion when a heavy short circuit 
caused the opening of one of these air circuit breakers. 
The arcs drawn were at least 6 feet long and main- 
tained for nearly 15 seconds. The results obtained 
were so unsatisfactory that we went back to’ the 
method of interrupting the entire load in case of 
trouble. 

One of the earliest models of the oil switch was 
brought to Niagara Falls by the General Electric 
Company for trial. The early trials indicated that 
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this method of attack would be successful—and 
experience later proved this to be the case. Today, 
no one would think of using anything but an oil 
switch with voltages and amounts of power such as 
we were dealing with at Niagara. The General 
Electric Company was the first to make a move 
toward using oil to quench the arc in switching, but 
soon after it had proved successful the Westinghouse 


company followed and today not only these 2 com- 


panies make this type of equipment, but many 
smaller companies also. The significant thing which 
I wish to emphasize here is that when the Niagara- 
Buffalo line began operations, there was no known 
method of successfully interrupting a short circuit. 
Our only method of procedure was to shut off the 
entire power supply under that condition. It was 
one of the handicaps of being a pioneer in the trans- 
mission game. This particular handicap was a very 
serious one since our battle at Niagara was to secure 
continuity of service. By the method of operation 
we were obliged to adopt, every short circuit on the 
transmission system meant a total interruption of 
power. It was, therefore, our endeavor to reduce the 
short circuits on the transmission line to a minimum. 

Before leaving the subject of switching, perhaps a 
word concerning the first switchboard installed with 
the original generators might bein order. One of the 
items of this board was a series of air operated 
switches. When these switches were designed and 
built in 1894-1895 they were the best that the art 
afforded. It was confidently expected that they would 
be able to interrupt any load that might be thrown 
upon them. However, it required but a very brief ex- 
perience after the first generators had been put into 
operation to realize that these switches would be 
totally useless to interrupt short circuits. They 
were used as synchronizing and disconnecting 
switches but beyond that they were useless. 

In passing it might be observed that this problem 
of interrupting short circuits on the very large 
capacity high voltage modern transmission lines has 
proved to be one of the most difficult that the trans- 
mission engineer has met. The oil switch has proved 
the best means of meeting this problem that has been 
found, but even the largest and most powerful oil 
switch made is taxed to its utmost with some of our 
larger power systems behind it. Continuity of power 
supply requires that some means be used to dis- 
connect defective portions of a transmission system 
and allow the remainder of the system to go on 
supplying service to the unaffected portions of the 
system. The need of such a switch was recognized 
in the early days of the Niagara-Buffalo transmission 
but we had to struggle along without it. 


INTERRUPTIONS FROM MISCELLANEOUS CAUSES 


Two other causes of service interruption were met 
on this Niagara-Buffalo line, viz., accident and 
malicious mischief. While accidents were not com- 
mon, they did occur occasionally. For instance, on 
one occasion a dredge operating in the canal, along 
which ran the transmission line, raised its dipper into 
the line, thereby short-circuiting the line and tem- 
porarily shutting off Buffalo’s power. On another 
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Original Niagara Falls-Buffalo 3-phase 11-kv line 


occasion, a cat crawled in behind the lightning 
arresters in the step-up transformer station and 
caused a complete short circuit and shutdown. 
Another very peculiar case occurred when a gang 
of men were cleaning the right-of-way from trees. 
A tree being felled, struck the end of a crooked limb 
lying on the ground and caused it to ricochet into 
the air; by an unlucky chance it fell across the trans- 
mission line and lodged there. The limb was green 
and just conducting enough to carry some current 
from conductor to conductor. The limb on the con- 
ductors confined this current to the point of contact 
and the burning continued until the transmission 
conductor itself was entirely burned apart and fell 
to the ground. This accident not only interrupted 
power supply to Buffalo, but it completely disabled 
that line until repairs could be effected. On still 
another occasion lightning caused an arc to form 
between the transmission conductor where it emerged 
from the step-up substation at Niagara and the edge 
of a metal canopy that had been erected to protect 
the conductors at their point of entry. This arc 
continued until the conductor was burned in two. 

Some little trouble was caused by malicious mis- 
chief makers. The ubiquitous small boy found that 
he could cause a very spectacular display of fireworks 
by throwing a piece of wire over the transmission 
line. He little realized that he thus deprived 
momentarily a whole city of its power supply. 
Proper coéperation with the local police authorities 
along the line reduced this mischief to a minimum. 

I might go on indefinitely giving instances of the 
difficulties that we encountered on this early power 
transmission. They all lead to one conclusion; we 
were pioneers and we suffered the fate of all pioneers. 
The road we were traveling was not yet illuminated 
by the light of experience. We had to grope our 
way. We were not wholly unsuccessful in lighting 
the way for others to follow. The Niagara-Buffalo 
transmission was a success both from a financial and 
from an engineering standpoint. The battle for 
continuity of service was waged and won. It has 
always been a matter of no little self-satisfaction that 
we at Niagara have helped to blaze the trail that 
since then has become a much traveled highway. 
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Some Contributions to the Electrical Industry 


By C. C. Chesney, President A.I.E.E. 1926-27 


S WE LOOK BACK 
into the history of 
the electrical indus- 

try and visualize the past 50 
years, we can hope, yea, ex- 
pect that future accom- 
plishments in the electrical 
world will be fully as event- 
ful as the unmatched events 
of the past. Promises that 
come from home _ and 
abroad are filled with pre- 
dictions of continuous prog- 
ress. 

This optimistic sentiment, emanat- 
ing not from one but from all of the 
many responsible sources throughout 
the world, applies not only to the busi- 
ness side, but also to the scientific side 
of the industry—to the central station 
business for furnishing light and power, 
the core of the industry with its invest- 
ment values already reaching the 
$10,000,000,000 mark, a value greater 
than the combined value of the indus- 
tries of England of the Gladstone 
period when Michael Faraday made 
his fundamental discovery of magnetic induction in 
1832. It applies also to the possible future accom- 
plishments of the research laboratories, forecasts 
of which are to be found in the accomplishments 
already given to the world by these institutions. 

These forecasts are full of hope, so far as it is given 
to fallible man to read the future, and they may well 
bring pride to the heart of the electrical engineering 
fraternity as well as to the whole world. Coupled 
with that pride is a spirit of gratitude on the part of 
the present generation of engineers toward those 
who have given their lives and their leisure in es- 
tablishing the fundamentals on which electrical 
science and industry are built. 

In that spirit I am prompted at the outset to 
dwell upon the versatile achievements of Thomas A. 
Edison. However, as my association has been en- 
tirely with that part of the art which had to do with 
the manufacture of generating machinery for the 
transmission of power by the use of alternating cur- 
rents, I propose to review the early history of the 
electrical profession for outstanding individual con- 
tributions peculiar to the development of the science 
and art of transmitting power by the use of alternat- 
ing currents. 

The salient feature of the art of generating and 
distributing power at the present time is the super- 
power system, that is, an interconnection of existing 
and prospective generating and distributing systems. 
The broad idea of the superpower system must con- 
tinue to grow more and more, because it is eco- 
nomically sound. It brings about an improvement 
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Some outstanding individual contributions 
of the past 50 years to the electrical indus- 
try are reviewed here by a past-president 
who himself has made no small contribu- 
tion; he says:... “as we of the electrical 
fraternity hope for continued progress, we 
must remember that our hopes can be fully re- 
alized only by remaining true to the greatest 
of our traditions, ‘to produce and to serve.’ ”’ 
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in the load factor of the 
generating system; it allows 
the metropolitan markets 
for power to be connected 
in a continuous system 
with remote power re- 
serves, and makes the ex- 
change of energy from one 
part of such a system to 
another a practical, re- 
liable, and everyday occur- 
rence. Many are the en- 
gineering problems involved 
in the safe operation and satisfactory 
service of an interconnected system. 
However, electrical engineers already 
have solved these problems or are 
well advanced in their solution. For 
instance, the spreading of the troubles 
of one system to the next (bugbear 
of the past) is prevented by proper re- 
laying and sectionalizing. 

The holding of the proper voltage at 
different points, and the prevention 
of the flow of wattless current, are ac- 
complished by adjusting automatically, 
if necessary, the ratio of the trans- 
formers so that the voltages at the point of connection 
may be of the same value and have the same phase 
relations. The interconnection of electric systems 
constitutes also an important progress in civilization, 
because it aims to allow electric energy, like sun- 
light, to become available everywhere. 

It is well known that a discovery in the sciences is 
not an isolated event. The laws of nature have 
ordained that progress or change is never by leaps or 
revolutions. This is true, of course, of electrical 
engineering and the branch of it that deals with long 
distance transmission of power by means of alternat- 
ing current. It has grown as does a snowball, by the 
process of almost infinitesimal additions. Prac- 
tically every experiment or new development in the 
generation, transmission, and conversion of electric 
power is a modification of an experiment that has 
gone before. Almost every new theory is built 
through the contributions of many workers, of many 
different elements, one adding a little here and an- 
other a little there; thus to the observer in retrospect, 
progress seems to be continuous and uniform. 

I wish, however, to emphasize the fact that the 
changes introduced into the art during the early ’90’s 
of the last century by the engineers of that period 
have placed the whole structure of electrical art of 
today as applied to light and power, firmly on the 
use of alternating currents. These changes have 
made economically possible the generation of large 
amounts of power in suitably located central sta- 
tions, and its conversion and transmission to those 
points where it can be used most advantageously by 
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industry to operate and to increase the capacity and - 


the economy of our mills and factories; to provide 
electrical transmission to the small town and coun- 
try; to extend and improve the processes of metal- 
lurgy; and now to place in the homes of the great 


agricultural classes, through the use of electric 


power, the comforts and conveniences of the city, 
and to place in the hands of the farmer the oppor- 
tunity to extend the economy of the farm to a point 
where it may compare favorably in efficiency and 
effectiveness with the factory and the workshop. 
Thus will the nation be prepared, through the aid 
of the superpower systems, for a complete decentrali- 
zation of industry, which is needed ultimately to 
relieve the economic stress of both farm and city. 
Nevertheless, to me the outstanding accomplish- 
ments of this period which made for the greatest 
progress were: the broad generalization of electrical 
phenomena, and the mathematical formula for the 
design of alternating current machinery by Charles 
P. Steinmetz; the invention and development of 
the modern transformer by William Stanley; the 
invention of the induction motor by Nikola Tesla; 


The original transformer built by William Stanley in 


the induction meter by Oliver Shallenberger; the 
dynamo-electric machine by Benjamin G. Lamme; 
and the numerous contributions to all branches of 
electrical machinery by Elihu Thomson. 

In 1886, William Stanley, in the first alternating 
current plant in America, which was engineered and 
built by him at Great Barrington, Mass., demon- 
strated how electric power could be generated at a 
low voltage, transformed into a higher voltage, 
transmitted at the higher voltage, retransformed to a 
lower voltage, and used at this voltage as might 
be required. This feature of adapting the voltage 
to varying requirements, and of maintaining it sub- 
stantially constant, irrespective of the load, rendered 
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possible the enormous development and progress 
in the distribution and transmission of electric 
energy that have taken place since. 

This capability of voltage transformation lies in 
the transformer itself, insignificant though it may 
appear. Stanley always spoke of the transformer as 
the “heart of the alternating current system.” 
Naturally the great development of the art has been 
accompanied by a similar development of the trans- 
former. Very early Stanley had properly visualized 
the fundamentals of transformer design, and cor- 
rectly solved many of its problems in the Great 
Barrington installation. This revealed a thorough 
understanding on his part of electromagnetic in- 
duction, rather surprising for 50 years ago. The 
same ability in handling these laws as applied to 
transformers was shown by Stanley in the con- 
struction of the inductor alternator, which had no 
windings on the rotor, a feature considered of much 
value at the time. The inductor alternator, as well 
as the Stanley induction motor and the Stanley 
induction meter, did not survive; but the trans- 
former did, and is substantially the same as the one 
originally built by Stanley. 

The possibilities of the alternating current system 
early appealed strongly to the imagination of elec- 
trical engineers, both at home and abroad, but they 
appealed to none more strongly than to William 
Stanley. At 30 years of age he had a full concep- 
tion of the alternating current station idea of manu- 
facturing power, that is, the manufacture of power in 
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An early Stanley commercial transformer with front 
plate removed showing arrangement of fuses 


large volume in some suitable location, transmitting 
and distributing it to points of consumption by the 
use of alternating current. With this idea firmly 
fixed in his mind, and fully determined to find out at 
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Pittsfield, Mass., whether there were any limits in 
sight barring the use of line potentials higher than 
the 2,000 volts then generally employed, he in- 
structed me to design and build, in 1892, transformers 
To this end 


and a line for 15,000-volt operation. 


parent of all a-c watthour meters now in use 


we erected a pole line, built a transformer house, and 
set up the transformers. These increased the poten- 
tial of the town circuit from 1,000 volts to 15,000 
volts. We connected the line to this high potential 
supply, sent the current around a farm and back to 
the same transformer house, then retransformed the 
line potential to 1,000 volts, and operated the dis- 
tribution transformers of the local company. This 
little plant was operated during a New England 
winter with entire success, and the engineering data 
obtained were the reason for subsequent recom- 
mendations by the Stanley Electric Company for 
the use of potentials much 
higher than 15,000 volts. 
I recall these facts only 
to emphasize the unde- 
veloped state of the art of 
that early period of which 
I speak, and how limited 
and provincial was its out- 
look compared with our 
present-day accomplish- 
ments. 

Nikola Tesla invented the 
induction motor in 1888. 
This invention was a great 
step forward, and it has been 
stated frequently that the 
invention of this motor was 
one of the greatest advances 
made in the industrial appli- 
cation of electricity. This 
statement without doubt is true, but the development 
of the motor was long and costly, and as late as 1895 it 
was still in the experimental stage. Vital reasons 
for its slow progress, development, and application 
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Westinghouse Photo 


Induction type ampere-hour meter invented by Shallenberger 
in 1888. This was the first a-c integrating meter, and it is the 
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were: First, it was primarily a polyphase motor, and 
the alternating current plants of the day were single 
phase; second, these plants operated at a frequency 
of 133 cycles per second, and subsequent studies 
revealed that this frequency was not well suited for 
that type of motor. By 1895, however, its 
development through the aid of many other 
electrical engineers, was far enough ad- 
vanced so that a good commercial motor 
became available. 

The invention of the induction meter 
by Oliver Shallenberger was vital and 
important in the growth of the electrical 
industry. Until the invention of this in- 
teresting and much needed device, there 
was no instrument to measure the quantity 
of alternating current supplied to the con- 
sumer. While the meter operated on 
the same fundamental principles as the 
Tesla motor, Shallenberger invented the 
meter entirely independently of Tesla. 
While Shallenberger was observing the 
movement of a spring in an alternating 
current arc lamp, under the influence of a 
shifting magnetic field, the idea of the 
induction meter came to him. Within 2 
weeks after he had conceived the idea, he 
designed and built a most successful al- 
ternating current meter of the induction 
type. This meter was accepted immediately as a 
success by the electrical industry and the public— © 
a long time before the induction motor was accepted — 
as such. While Shallenberger’s particular meter 
has long been discarded, its influence on the de- 
velopment of the struggling industry was great in- 
deed. He died in 1898, before he had an oppor- 
tunity fully to appreciate or to enjoy the success of 
his labors. 

The engineering talents of the late Benjamin G. 
Lamme, an engineer and inventor endowed with 
unusual ingenuity, resourcefulness, and good judg- 


: ‘Westinghouse Photo 
Early laboratory model of Tesla motor with wound rotor and slip rings 


ment, presented to the art the synchronous con- 
verter, the rotary condenser, and also the electrical 
design of the 5,000-hp generator—a far bigger 
generator than had ever been built up to that time— 
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which inaugurated the hydroelectric power develop- 
ment at Niagara Falls in 1895. This type of gener- 
ator has persisted to the present day. The single- 
phase railroad motor and the introduction of the 
squirrel-cage induction motor with high starting 
torque, were the individual works of Mr. Lamme. 

Of the contributions of Charles P. Steinmetz 
there is little to tell electrical engineers; they all 
know, and they knew him and recognized him among 
the leaders of modern science. His personal con- 
tributions to the science and the art of long distance 
power transmission by alternating current were 
many and valuable. To me, however, it has always 
seemed that his greatest contributions to the elec- 
trical art of our day were his writings, embracing 
the results of theoretical and experimental scientific 
investigations. In these is laid an invaluable mathe- 
matical foundation for the design of electrical ma- 
chinery. His work in this respect has no equal in our 
day. 


Elihu Thomson’s contributions to the electrical: 


industry have been so many and are so generic in 
character that it is almost impossible to select 
any one contribution from his work of the last half 
century which overshadows in importance and value 
any of his others. His remarkable depth and range 
of scientific knowledge have influenced in a major 
way the development in every field of electrical en- 
deavor. A master of industrial research, he in- 
vented many early types of lightning arresters, mag- 
netic blowout switches, the induction regulator, and 
the single-phase repulsion motor. From a power 
transmission and distribution standpoint, one of his 


Steinmetz observing artificial lightning flash in his laboratory, February 1922 


most important contributions was his proposition to 
use oil for insulating and cooling transformers, a 
practice now universal the world over and upon 
which the success of the progressive and ever increas- 
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ing power transmission potentials has depended. 

I have selected these men as the most outstanding 
among all the electrical engineers and inventors of 
that pioneer period, the closing decade of the last 
century; their accomplishments more than those of 


Thompson induction regulator of the late ‘90's 


any other group, made possible the high state of the 
art of transmitting and distributing electric energy 
as we find it and as we enjoy it today. It was 
through their insight into, and their solution of, the 
technical problems that beset them, and by their fore- 
sight in reading the future promises of their time, that 
they were able to blaze the 
trail not alone for their con- 
temporaries, but for future 
generations as well. It was 
their glory to be able to 
catch a glimpse of what was 
before us while the rest of 
the world wondered. On 
the traditions of the past, a 
great future for electricity 
and for the transmission of 
electrical energy is predi- 
cated. However, as we of 
the electrical fraternity hope 
for continued progress, we 
must remember that our 
hopes can be fully realized 
only by remaining true to 
the greatest of those tradi- 
tions, “‘to produce and to 
serve,’’and by cherishing the 
ideals and emulating the 
ceaseless activities of such 
pioneers as those mentioned. 

All 6 of these men pos- 
sessed the scientific spirit. 
They were truly men of 
research, with patience and 
vision, always seeking earnestly and hopefully for 
new knowledge, more fully to understand Nature’s 
laws as they are, and more effectively to use those 
laws for the benefit of humanity. 
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Some Early Forms of Electric Lamps 


Arc lighting, now practically nothing but a memory, was the electrical industry's 
first commercial load. The fortifications of Paris were arc-lighted in 1870, in 
1875 arc lamps came to America (Wallace Farmer system) where 
commercial success began about 1880 under the developments of Brush, Thomson- 
Houston, Weston, Waterhouse, and others. The incandescent lamp, however, 
and particularly since the development (1906) of metallized filaments, has waged 
a winning battle. Although, of the total present power output in the United 
States, lighting accounts for only about 25 per cent, as late as 1912 it constituted 
half the central station load 


ke 


The Nernst lamp (above), more efficient than 
the early carbon filament lamps, burned in the 
open air and bade fair to win wide acceptance 


until succeeded by the Mazda 
(Westinghouse photo 


Right—Avn early design of ornamental open 
carbon arc lamp for interior use (list price $65!) 
(General Electric photo) 


Early forms of incandescent lamps 
said to have been in operation almost 
a year before Edison developed his 
commercially practicable incandes- 


cent lamp 
(Westinghouse photo) 


100% 121% 248% 319% 339% 472% 
Typical lamps of the 1905-34 period, and an indication of the improved light 


efficiency of incandescent lamps 
(General Electric photo) 


Left—from left to 
right—the ‘‘stopper” 
lamp that lighted the 
1893 Chicago Fair; 
Weston lamp, Wes- 
ton base, 1882; U.S. 
Lamp Co. lamp, Wes- 
ton base, 1882; Saw- 
yer-Mann lamp, 
1879, Thomson- 


Houston base 
Westinghouse photo) 


Right—Edison lamp 
first commercially 
used; carbonized bris- 
tol board “horseshoe” 
filament; produced 
Nov. 1879-Miay 
1880; total height 
85 in.; bulb diame- 
ter 323 in. 
(General Electric photo) 
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Lighting “A Century of Progress” 


By W. D’Arcy Ryan,* Associate A.I.E.E., General Electric Co., Schenectady, N. Y. 


N JANUARY 1933, ap- 
proximately 4 months 
before the opening date 

of the Exposition, engineers 
of the General Electric 
Company and the Westing- 
house Electric & Manufac- 
turing Company were com- 
missioned to complete the 
exterior lighting of Chi- 
cago’s A Century of Prog- 
ress exposition. Obviously, 
the lighting of a group of 
buildings of ultra-modern- 
istic or futuristic design 
such as those comprising 
the exhibit buildings at this 
exposition introduced many 
problems in lighting if the 
daytime architectural char- 
acter was to be preserved 
at night. The late Joseph 
Urban, with his flair for bold color treatment and 
effects and ably assisted by his associates Teagan 
and Scott had skilfully used color to vitalize and 
unify the grouping of the buildings for daytime 
effect. At night the medium by which to accomplish 
these same ends was light. 

Many engineers and designers contributed to the 
accomplishment of the lighting results, aided by 
the tireless and efficient efforts of many contractors 
in constructing and installing the equipment. I 
should like to mention by name these many engi- 
neers, designers, and contractors who are entitled 
to share in whatever credit attaches to the results 
obtained, but I fear that if I were to attempt to 
formulate such a list I should overlook many worthy 
contributors. I feel obliged, however, to acknowl- 
edge the work of E. D. Tillson who during the 
period that he was associated with the exposition as 
illuminating engineer laid the groundwork which 
proved very valuable to us who followed, and R. E. 
Barclay whose enthusiastic studies in the applica- 
tion of the gaseous conductor tube resulted in many 
striking and beautiful effects by these light sources. 
To C. W. Farrier and his staff is due the credit for 
the design of many of the lighting standards and 
much helpful and constructive criticism of the 
lighting scheme. The installation of the lighting 
equipment, including the design and installation of 
the entire electrical distribution system, was under 
the capable supervision of J. L. McConnell, elec- 
trical and mechanical engineer of the exposition, 
whose willing codperation made it possible for us to 
overcome many obstacles. 

In this paper I shall confine myself to a general 
description of the exterior lighting effects, and trust 
that a more detailed description of the numerous 
elements entering into the general scheme will be 


expositions. 


results obtained. 
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Since the Columbian Exposition at Chicago 
in 1893 gave to the world its first large out- 
door display, electric illumination has 
played a vital and striking part in the great 
At San Francisco in 1915 
the illumination was classed by the Inter- 
national Jury of Award as a ‘‘Decorative 
Art”; at Chicago in 1933 the lighting was 
conceded to be an outstanding feature of 
the exposition in spite of the fact that it 
was almost an afterthought. 
article the author gives a general descrip- 
tion of the exterior lighting effects; illus- 
trates some of the equipment used and the 


recorded in the technical 
press by those responsible 
for their development. 
Also, although considera- 
tion of the lighting of the 
building interiors and of 
the exhibits and exhibitors’ 
buildings is outside the 
scope of this paper, I want 
to pay tribute to those 
responsible for the design 
and execution, for to my 
mind these lighting effects 
in many instances exceeded 
those of the exterior. 

The exposition site 
(Fig. 1) contains approxi- 
mately 424 acres and forms 
a strip along the shore of 
Lake Michigan approxi- 

‘mately 3 miles long and 

varying in width from 450 
to 3,200 ft. Northerly Island is separated from the 
mainland by 2 lagoons covering approximately 80 
acres. In view of the attenuated shape of the 
grounds we regarded it to be a function of the 
lighting to consolidate the grouping of the buildings 
and create the appearance of a unified whole. Also, 
owing to the generally low types of buildings pre- 
vailing, it became a secondary consideration in 
planning the lighting to elevate, psychologically the 
exposition when viewed from the many points of 
vantage throughout the grounds. The buildings 
were of an entirely new style of architecture com- 
pared with expositions of the past, presenting large 
flat surfaces painted in a wide variety of colors, and 
with viewing terraces at many levels and therefore 
demanding an entirely new approach from the stand- 
point of lighting the buildings themselves and the 
surrounding grounds. The probability of fog and 
smoke became a factor of consideration in the 
determination of surface brightnesses and probable 
viewing distances. All these considerations and 
many others including a limited budget entered as 
compromising factors into the determination of the 
most appropriate and most efficient type of lighting 
equipment, a detailed description of which would 
require more space than is warranted here. 

The exterior lighting—which we may consider 
under the topics of building floodlighting, grounds 
lighting, and spectacular lighting—made up a total 
connected load of approximately 3,000 kw. Power 
was purchased from the Commonweath Edison 
Company and distributed through the secondary 
network 4-wire Y 120/108 volts. Mr. McConnell 
has stated that in only one imperative consideration 
is the electrical installation at A Century of Progress 
directly comparable to ordinary engineering work, 


In this short 


—Editor. 


* Deceased March 14, 1934; see p. 636, ELECTRICAL ENGINEERING, April 1934. 
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Fig. 1. Plan of “A Century of Progress’’ exposition 
grounds along the lake front at Chicago, Ill. (For 
key see adjoining column.) 
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“Century of Progress” 


Outdoor Lighting Standards 


(See facing page) 


A Floodlighting standard. Equipped with 18 200-watt 


floodlights. Installed around Planetarium, west side of 
Electric Building, and west side of the Hall of Science. 


Clover leaf standard. Equipped with 45 8 x 18-in. opal 
glass cylinders with 200-watt multiple mazda lamps and 
3 200-watt floodlights. Installed at 12th Street entrance 
and in General Exhibits Building courts. 


Floodlighting standard. Equipped with 16 200-watt 
floodlights. Installed around Travel and Transport 
Building. 


Lantern standard. Equipped with a 6,000-lumen series 
mazda lamp. Installed along Lief Eriksen Drive. 


Mercury-neon pylon. Equipped with 48 mercury arcs 
and 48 neon arcs. One unit installed in Court A" of 
General Exhibits building. 


Opal glass pylon. Containing 144 100-watt multiple 
mazda lamps. Four units installed in east court of the 
Hall of Science. 


Stair lighting unit. Small size, equipped with 26 60- 
watt multiple mazda lamps. Large size, equipped with 
76 60-watt multiple mazda lamps. Installed at 23rd 
Street entrance and at various other locations throughout 
the grounds. 


Zodiac standard. Equipped with 18-in. opal glass ball 
and 500-watt multiple mazda lamp, surrounded by a 
bronze band depicting the characters of the Zodiac. 
Installed along approach to the Planetarium. 
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and that is that it had to be made safe. Many 
interesting and novel features were introduced into 
the electrical distribution system by Mr. McConnell, 
many of which he has described in the April 27, 
1933 issue of the Electrical World. 

The colored plates forming part of this presenta- 
tion (beginning facing page 736) afford a general idea 
of the appearance of the exposition at night. Ob- 
viously, they lack the intricacy of detail visible to 
the visitor who viewed the exposition on the grounds, 
and similarly any description of the lighting is lack- 
ing in the details of application so important in 
obtaining the results. The floodlighting of the 
building facades was accomplished in general by 
floodlights either located on the buildings them- 
selves or grouped on structural standards of appro- 
priate design and screened from direct view. All 
floodlights were of the enclosed type, ranging in 
capacity from 200 to 1,000 watts. In many in- 
stances the floodlights were equipped with colored 
door glasses, as it was found that much better results 
were obtained in flooding colored surfaces with light 
of approximately the same color as the surface. 
A wide range of colors, having coefficients of reflec- 
tion of from 4 to 71 per cent, were encountered in 
the large flat composition-board surfaces of the 
various buildings. The viewing distances were 
relatively great. Many of the buildings had bal- 
conies serving as promenades. The atmospheric 
conditions peculiar to the Chicago lake front were, 
at times, very unfavorable. These conditions in- 
fluenced the lighting treatment of the different 
buildings and made each one a subject of study and 
trial. Difficulties in concealing the lighting equip- 
ment were overcome by constructing screens or 
shields harmonizing with the building architecture 
where possible. 

Gaseous tube lighting of building exteriors had its 
debut at this exposition and made possible many 
interesting and beautiful effects. A variety of gases 
and combinations of gases together with colored 
glass tubes provided the many colors used through- 
out the grounds. In general these tubes were ap- 
plied in such a manner as to conceal the tube itself 
and to reflect the light from the building surface. 
One outstanding exception to the use of the tube 
for indirect lighting, and one of the most striking 
features of the lighting, was the ‘‘cascade’’ formed 
at the rear of the electrical court in which approxi- 
mately 4,650 ft of blue tube was used. An innova- 
tion in the application of gaseous tubes was the use 
of the mercury-neon pylon rising 38 ft above the 
ground, triangular in section and constructed in 
louvre form to provide coves for the light sources. 
Alternate louvres on each face were equipped with 
mercury arcs and neon arcs. These arc lamps were 
of the hot cathode type, and operated as half wave 
rectifiers from an alternating current source, thus 
making it necessary to start the lamps each half- 
cycle. 

These arcs, in common with all arcs, have a nega- 
tive voltage characteristic. That is, after they are 
started, the voltage across the arc decreases as the 
current increases, at a rate and to a minimum de- 
pending upon the constants of the circuit in which 
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the arc is established. This necessitated a ballast, 
and in this case an induction ballast was used which 
served also as a starting transformer. Two turns 
of high voltage insulated wire were placed around 
each reactor, and all the reactors on one phase were 
connected in series by means of this primary winding. 
Starting was accomplished each half-cycle by dis- 
charging a condenser through a thyratron tube into 
these series turns, the time of the discharge being 
controlled by means of a motor driven timer in the 
grid circuit of the thyratron. 

When starting occurs late in the cycle the effective 
light is small and, vice versa, if the starting is earlier 
the effective light is greater. Taking advantage of 
this characteristic, a great variety of tints thus were 
obtained by controlling the dimming of the 2 sets of 
lamps in orderly sequence and thus obtaining chang- 
ing proportions of neon and mercury light. In order 
to reduce the flicker to a minimum the number of 
lamps on each phase were kept balanced on each of 
the 4 faces of the tower. Individual lamps produce 
60-cycle flicker, but the composite light on the build- 
ings shows no appreciable flicker. 

The problem presented in lighting the grounds and 
roadways also was influenced by the radically differ- 
ent type of architecture employed at the exposition, 
and resulted in the design of an entirely unique 
group of lighting standards. Efficiency of light 
output suffered very little in developing these futur- 
istic lighting standards; in fact, most critics will 
give them a higher rating as lighting units than as 
objects of beauty. A general idea of these stand- 


“Century of Progress” 


Outdoor Lighting Standards 


(See facing page) 


| Tubular lamp standard. Equipped with 100-watt 32-in. 
tubular multiple mazda lamps. 22 lamps for single plane 
standards and 44 lamps for 2-plane standards. Installed 
along the Avenue of Flags. 


J Mushroom standard. Equipped with 150-watt multiple 
mazda lamp, refractor, and micarta shade. 500 units 
installed throughout grounds. 


K Shell globe standard. Equipped with 500-watt B. F. 
multiple mazda lamps and shell globes. Installed 
around Dairy, Agriculture, States, and Electric buildings. 


L Shower standard. Equipped with 352 15-watt flame- 
tint medium-screw-base multiple mazda lamps. 10 stand- 
ards installed in the Court of States. 


M Rainbow standard. Equipped with 4 500-watt flood- 
lights. Installed in Lief Eriksen Drive at south end of 
grounds. 


N Bridge standard. Equipped with a 500-watt floodlight. 
Installed on 12th Street bridge. 


O Lighting Turrett. Equipped with 24 1,000-watt flood- 
lights to illuminate reflecting surface, and 8 24-in. 
1,500-watt incandescent searchlights for illumination of 
flags. Installed in center of 12th Street entrance. 


Equipped with 6 200-watt flood- 
Installed at bases of trees throughout grounds, 


P Tree lighting unit. 
lights. 


ELECTRICAL ENGINEERING 


Fig. 3. Some “Century of Progress’ outdoor lighting standards 


(For description, see facing page) 
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ards may be obtained from Figs. 2 and 3 and the 
related brief descriptions of their equipment. 
General lighting throughout an exposition must 
be consolidated if the exposition is to stand apart as 
a unit. This was particularly true of Chicago be- 
cause of the elongated form of the grounds and its 
adjacency to the city with its electric signs, ilu- 
minated buildings, etc. Efforts in this direction 
took the form of a battery of 24 36-in. arc search- 
lights located at the southern extremity and spread- 
ing a fan of light beams over the grounds, a battery 
of 17 36-in. incandescent searchlights fanning out 
from the electrical building, and a group of electric 
fountains, 3 in the south lagoon and 1 in the court 
of the Electrical Building. The 3 fountains in the 
south lagoon were located approximately 100 ft off 
the west shore and 150 ft apart. The center foun- 
tain, containing 70 incandescent floodlighting pro- 
jectors arranged in four colors, was flanked by 2 
fountains, each containing 36 similar projectors in 
clear light. The water effects were identical and 
were operated in synchronism by means of thrustor 
valves actuated through a central controller. The 
color changes in the center fountain were accom- 
plished by means of a thyratron reactor system 
controlling the 4 circuits of red, green, blue, and 
amber light in a sequence of combinations the com- 
plete cycle of which required 10 minutes to com- 
plete. Each fountain circulated 1,200 gal of water 
per minute; the connected lighting load was 18 kw 
each for the 2 clear-light fountains and 67.5 kw for 
the central fountain. A 75-hp motor direct con- 
nected to a centrifugal pump supplied the necessary 
water from the lagoon. The fountain in the elec- 
trical court had a 3-step central basin at the center 
of a pool 60-ft in diameter. The water effects at 
each level consisted of a spray emanating from a 
circular ring of jets; the water was illuminated by 
static colored light, each level in a different color. 
These bands of color were reflected from a 32-ft 
diameter cone shaped canopy surfaced with chro- 


Table I—General Data—A Century of Progress 


Number of transformer vaults installed..............cceeeeeees 45 
Number of transformers installed (10 to 333 kva)............... 177 
ehotal connected Noad- (Evia) meu ceurecierttan sacs chic jeieiatelste a weno ear mie 27,562 
Exterior lighting load (kw) (exclusive of amusements).......... 2,750 
Exterior lighting standatds—approxins .\si-)siele) « «0/0/20 o\ele)eine ivimivicls 1,160 
Incandescent lamps installed (10 to 3,000-watt)................ 130,000 
iPrimanyiteeder cable nt) sc creneccrsvsncbetoiolstailecminen ster susie).« eueiaceausnehenecersiene 300,940 
Secondary fteederca blen(EO) cr saccroe cus ersuerceretere iol y eis. 1 iota arlene cies 252,236 
(Bailding: feeders (ht) a. mrs tesc th cree ote oreo tecetetenres a eine rareiete ote ein aias 407,061 
Distribution Cable—Roads & Path Lighting (ft)............... 152,760 
No, 00: wire for ceneral disttabtitiot (fb))ne crave eis. erejrieieiein ls wi ovouetale 317,000 


INO: LZ wire for general. distribittiot (£C)).21.c)eiersie v's es « vieles var stare 2,625,000 


Pump los torcable wrung i(it)inecc-.. ceencreereiote Go, ereuerste ele elenpetse aleece dae 263,000 
RACEWAY; LOL WITeyEUt1s, (LL) !ic cst ssevafeas siete leverones eis ieje a aisle wlevoye eisuslete 138,000 
Gaseousctubes installed: (il) aaan-o ce we ols o.0.e:d eosin as Slee Sae'sle @ oateiels 19,877 


Power constimption, total 170 days (Kw)... 5. 501.2cccsss- ccs 35,111,852 


Average consumption per 24-hour day (kwhr) 206,540 
Weak lands (KW) foack sec eS sre a aie eae Oa ete ete heaves 18,952 
Average wattsiper sqitte1nteriorsinryaneis eres cielerets vale rareaitaie ee AiG 3.77 
Total water requirements per day (gal)...........0-0ce0ee . -10,000,000 
Projector type units purchased by Exposition Company 
ZOOL watt /foodlightsvaranwers oils ee Pee ele eee or 1,600 
500/1;000-watt floodlights i jc. cieats ee re visio ial ehe sivieicieeetietens 1,000 
24-in: incandescent searchlights.. ~.< rim ereiile's/e els seine elelare 72 
36-in. incandescent searchlights.........01...cceseccsesers 18 
SG-in ware /searchlightsasec ert ais crear eae re aie ieee 24 
250 to 1,500-watt underwater floodlights..............+e00- 277 
mhotalpaid-attendancect)s, . pcre ce eran eon nae ae 22,321,497 
AVerace per day. 170 Gays marinas terserocnie iio rare eerie 131,303 
Total area of enclosed grounds (acres)........0cccccssccsecccs 424 
Average of lagoons in grounds (approx. acres)............+. 80 
EMLeCIOMUSHtM ge iktureS; See, oie ce ceg veloc re a sd Someone ante 7,762 
Illumination intensities, building walls and roadways (foot-candles) 0.1 to 9 
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mium plated sheet copper and supported 50 ft 
above the fountain on 6 structural steel legs. The 
reflected light from this specular surface created an 
interesting mat of mobile color and added a warm 
glow to the court. A 25-hp motor directly con- 
nected to a centrifugal pump circulated 1,200 gal of 
water per minute through the fountain. The total 
connected lighting load was 42 kw. 

The climaxing feature of the spectacular lighting 
was furnished by the battery of 24 36-in. arc 
searchlights spreading a fan of varicolored beams 
of light over the grounds, and the battery of 17 
36-in. incandescent searchlights the beams of which, 
crossing above the ‘‘morning glory” fountain in the 
electric court, contrasted vividly with the blue of 
the gaseous tubes forming the cascades and with the 
warm tints of the fountain colors. The group of arc 
searchlights known as the scintillator were arranged 
on a 2-step platform, each light taking 125 amp at 
110 volts de and producing a beam candle power of 
60 million or a total of 1,440 million for the 24 units. 
A trained corps of operators maneuvered the group 
of lights through fantastic forms and color changes 
and directed the beams on clouds of steam, smoke 
bombs, etc., to provide many weird and striking 
effects. 

Each of the group of 17 36-in. incandescent search- 
lights were equipped with a 3-kw incandescent 
lamp and each was operated without attendants at a 
fixed position, the beams intersecting over the axis 
of the fountain and fanning out over the south lagoon: 

Statistical data (Table I) relating to the lighting 
features of an exposition, while at times interesting 
for purposes of comparison, are of little value as a 
guide to the engineer confronted with the problem 
of lighting an exposition. To determine why this is 
so we have only to review past expositions and note 
their variance in architectural style, landscaping, 
and general character. It is an inherent and funda- 
mental purpose of expositions to mark epochs of 
time; to show the advances in materials and meth- 
ods. Consequently the engineer responsible for 
planning the lighting for an exposition must ap- 
proach his problem with the purpose of the exposi- 
tion in mind and intent upon supporting the style 
and effects contemplated by the architects. Origi- 
nality and appropriateness should be the outstanding 
characteristic of lighting installations of this class 
and these arise from the circumstances surrounding 
individual expositions rather than from the records 
of those in the past. 


Additional articles on the subject of illumination as 
applied at the ‘“‘Century of Progress” exposition, together 
with discussion of same, will be found in the February 
1934 Transactions of the Illuminating Engineering Society. 
They are entitled: 


1. Illumination of A Century of Progress Expositon, 
Chicago, 1983. W. D’A. Ryan. 

2. Unique Lighting at A Century of Progress. 
Wood and Charles J. Stahl. 


38. Lighting Features of the Fair. 
Foulks and W. E. Folsom. 


4. Century of Progress Exhibit Lighting. C. M. Cutler. 


These papers give interesting details and amplification 
of the material here presented by Mr. Ryan at the request 
e ae A.I.E.E. committee on production and application 
of light. 
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TWELFTH-STREET ENTRANCE AND BRIDGE 


ELECTRICAL BUILDING, AND RADIO AND COMMUNICATIONS BUILDING 


Courtesy General Ele 


HALL OF SOCIAL SCIENCE, AND RADIO AND COMMUNICATIONS BUILDING 


Courtesy General Electric 


ELECTRICAL GROUP, VIEWED FROM WEST SHORE OF SOUTH LAGOON 


HALL OF SCIENCE, VIEWED FROM EAST SHORE OF SOUTH LAGOON 
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GENERAL MOTORS BUILDING 


GENERAL EXHIBITS GROUP ON LEIF ERIKSEN DRIVE 
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electricity to social and economic pur- 


Communication—Past and Present 
By Bancroft Gherardi, President A.I.E.E. 1927-28 


HEN in May 1884 

a group of men, 
numbering perhaps 
a hundredth of our present 
membership, gathered to- 
gether to found the Ameri- 
can Institute of Electrical 
Engineers, none of them 
could foresee what the or- 
ganization itself would grow 
to be or the future of the 
industries which would be 
founded on electrical knowl- 
They were  inter- 
ested in the theory and the 
practical use of electricity. 
They must have believed 
that something well worth 
while would grow out of the 
application of electricity to 
the service of mankind, but 
the tremendous develop- 
ments that would result from applying 


tute. 


tricity.” 


poses were concealed then in the dark- 
ness of the future. I feel honored in 
being asked to perform the pleasant 
duty of recording at this time, when 
the Institute is completing the first 
50 years of its life, what has happened 
in the communication art during that 
period. 

From the earliest days until the in- 
vention of the telegraph, communica- 
tion between persons at a distance was 
essentially a matter of transportation. 
Hither a written message was transported by some 
one of the means then available or the messenger 
himself traveled, either on foot, on horseback, by 
stage coach, by boat, or by railroad. With some 
negligible exceptions used only for specialized pur- 
poses, communication was dependent upon trans- 
portation and subject to all its limitations. With 
the invention and development of the electric tele- 
graph, communication by the written message first 
became independent of transportation. In the 
United States the first application was by Morse in 
1844. Still, however, communication by the spoken 
word could not be carried on over distances of more 
than a few hundred feet and conveniently only over 
distances of a few feet. Alexander Graham Bell in 
1876, by the invention of the telephone, offered the 
possibility of communication by the spoken word 
between people separated by considerable distances, 
So that it was no longer necessary for those desiring 
such communication to meet at a common point to 
make conversation possible. 

When the Institute was founded, telegraphy was 
40 years old. The telephone had been invented 
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Pointing out that when the A.I.E.E. was 
founded in 1884 telegraphy was 40 years 
old and telephony 8 years old, the author 
traces briefly the significant developments 
and tremendous growth of electrical com- 
munication and the significance and im- 
portance of the parallel growth of the Insti- 
‘Both grew out of the extension of 
our knowledge of certain laws of nature, 
and both were encouraged in their growth by 
the social and economic results that were 
possible from the application of elec- 
The record of 50 years of com- 
munication development is traced through 
a half century of Institute publications. 
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only 8 years. Radio-teleg- 
raphy and _ radio-teleph- 
ony did not exist. From 
the first, a realization of 
the advantages to be de- 
rived from electrical com- 
munication led to the rapid 
development of both teleg- 
raphy and telephony. How 
much of this has taken 
place during the 50 years 
of the life of the American 
Institute of Electrical Engi- 
neers is briefly indicated by 
the following figures. Dur- 
ing 1884, there were sent 
about 40 million telegraph 
messages in the United 
States. In 1929, the peak 
year, just prior to the de- 
pression, this figure had in- 
creased to 235 million mes- 
sages. In 1884, there were 198 million 
telephone messages sent in the United 
States, and in the peak year 1930 the 
usage of the telephone had reached the 
stupendous total of 27,800 million 
messages. For several recent years 
the messages sent electrically have 
greatly exceeded in number the total 
of the first-class mail pieces in the 
United States. 

It is not a mere coincidence that the 
life of the American Institute of Elec- 
trical Engineers has been paralleled by 
the tremendous growth of electrical 
communication. Both grew out of the extension of 
our knowledge of certain laws of nature, and both 
were encouraged in their growth by the social and 
economic results that were possible from the applica- 
tion of electricity. 

The early development of the telegraph was closely 
associated with the railroads which had an urgent 
need for this form of communication, and telegraph 
lines were very generally built along the railroad 
routes. The wires were generally of iron; hard 
drawn copper was not invented until 1877, and cable 
development did not start until about the beginning 
of our 50-year period. Many of the present forms 
of telegraph circuit had been worked out, including 
duplex and quadruplex and Baudot’s multiplex and 
printing telegraph, although this form was not ap- 
plied in this country until a later date. Harmonic 
telegraphs which foreshadowed our modern carrier 
telegraph developments had been worked upon by 
inventors, including Alexander Graham Bell, for a 
decade or more, and Gray’s harmonic telegraph had 
been given a trial. Following the first temporary 
success in 1858, permanent transatlantic telegraph 
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service by cable was established in 1866. One of 
my valued possessions is a medal presented by the 
New York Chamber of Commerce to my father for 
his part in the early cable laying expedition, as an 
officer of the U.S. Frigate Niagara. 

Fire alarm and burglar alarm systems were well 
developed and police alarm systems were just coming 
into general use. Stock quotation systems had been 
established. Railway signaling systems had been 
invented, but only one railroad in the United States 
was equipped throughout its entire length with auto- 
matic electric block signals. An editorial in the 
September 1884 issue of the ‘Electrician and Elec- 
trical Engineer’’ refers to the adoption of automatic 
signals as the most important step to be taken in the 
direction of perfecting our modern railway systems. 

In 1884 telephony was still very young. There 
had been sufficient technical development to pro- 
duce the fundamentals of a telephone exchange 
system in early crude form. Early types of the 
carbon transmitter had been invented and placed in 
service. The first switchboards had been con- 
structed, and the first multiple board was placed in 
service in Chicago in 1879. The use of the metallic 
circuit telephone system had just begun. A begin- 
ning had been made in the development of telephone 
wires in cable and, as already noted, hard drawn 
copper had just been invented. Long distance 
telephony was beginning, a line from Boston to 
Providence having been established in 1881. The 
first conversation between New York and Boston 
using hard drawn copper circuits took place in 
1884, the year of the founding of the Institute. 

It is difficult within the scope of a brief statement 
to indicate adequately the extraordinary develop- 
ment of the technique of electrical communication 
that has taken place during the past 50 years, 
building upon the fundamental technical principles 
that had been established by 1884 and applying 
many new technical principles discovered since. 

The hand sending method of operating telegraph 
circuits has been largely displaced by the applica- 
tion of the printing telegraph. Although the idea 
of having telegraph impulses print the message is as 
old as telegraphy itself, the present successful forms 
of apparatus are of modern development represent- 
ing the culmination of many decades of intensive 
effort and the creation of successively better forms 
of this apparatus! (references are by number to 
items in bibliography). The types now in general 
use were all developed within the last 20 years.**4! 
The scope of practical application of printing tele- 
graph apparatus has been extended by a new 
method for maintaining synchronism or more exactly 
isochronism between the machines on the same 
circuit by the so-called start-stop principle which is 
utilized in most of the printing telegraph machines 
now in operation.*} 

Telegraph circuits, where not in cable, are now 
largely built of hard drawn copper, only about 10 
per cent of the telegraph circuit mileage still making 
use of iron. There has been a great extension in the 
use of telegraph circuits in cable, a third of the 
telegraph circuit mileage of the country now being 
of that type. This use of telegraph in cables has 
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largely come about through the development 
successful carrier telegraph systems, realizing at la 
the dream of the early telegraph workers that 
large number of telegraph circuits could be provid 
on one pair of wires.**°° An important requiremet! 
for the success of this development was the applic 
tion of electrical means for separating the channel 
whereas the early inventors necessarily tried to u 
mechanical means.’ The carrier telegraph art al: 
depends upon the vacuum tube, itself a developme! 
of the last 20 years.’ 

Many advances were made in the operation | 
long submarine telegraph cables through loading ar 
other improvements by means of which the messas 
capacity of these cables was increased sever 
told 

A striking technical development of this period 
radio, first applied to telegraphy. Although is 
lated experiments, which were early experiments ; 
radiation, date back to 1842 with Joseph Henry 
detection of Leyden jar disturbances at distance 
of several hundred feet and lightning discharges < 
distances of 20 miles and while in 1864 Maxwe 
advanced his electromagnetic theory which showe 
radio communication to be possible, the birth « 
radio science is generally associated with Hert 
brilliant work in 1887 and the beginning of practic 
application came with the work of Marconi : 
1896.59.11 From then the development of radi 
telegraphy was rapid, transatlantic service beir 
established in 1908 and ships being general! 
equipped with this valuable means of promotir 
safety by the year 1913. 1933498 

Although in 1884 that then novel and primitin 
device, the telephone, had already been put to worl 
there being about 150,000 in use in the Unite 
States, the technical development of telephor 
systems had only started. This development he 
included 3 major groups of problems: (1) apparatt 
at each telephone station to convert sound energ 
into electrical waves and back again and to provic 
signals to attract the attention of users; (2) switel 
ing systems at central points for rapidly and acct 
rately connecting together any 2 telephones the 
might desire to communicate with each other; an 
(3) means for transmitting the telephonic curren 
over distances little or great without excessive lo 
or other modification. 

Shortly after the Institute was founded came tt 
first successful granular carbon telephone tran 
mitter, so great an improvement over the earli 
forms of transmitter that, by many modificatiot 
and improvements, it has become, without changir 
its essential principle, the highly developed telephor 
transmitter of today. At about the same time can 
Carty’s invention of the bridging principle to repla 
for telephone circuits the series types of connectic 
inherited from the telegraph practice.’ One of i 
many useful applications was to the signal bells < 
telephone stations, resulting in a great improvemet 
in performance. The hand set type of arrangemen 
while suggested early in this epoch and used in 
limited way, presented serious technical difficulti 
which, for the severe requirements for service in tk 
United States, were overcome only in recent years.‘ 
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Telephone switchboards of the early forms were 
relatively crude. In the period 1886-1894, the com- 
mon battery switchboard was invented and intro- 
duced into practical use. Through successive 
improvements, the capacity of the common-battery 
switchboard was raised from a few hundred lines in 
the early models to 9,000 lines by the year 1902.” 
Throughout the development of switching systems 
there was a trend toward the greater use of auto- 
matic devices, culminating in the development of the 
machine switching systems in which, for certain types 
of calls, the switching is entirely mechanical. The 
first successful step-by-step machine switching sys- 
_tem was placed in service in 1892. The panel ma- 

chine switching system designed to meet the com- 
plex conditions of metropolitan areas was first 
placed in service in 1915. Today dial system 
switching has been provided for 40 per cent of the 
telephones of the country. %212627.36.43,73:83 

The transmission of telephone currents over long 
distances has been almost wholly a development of 
this era. The first New York-Boston telephone 
circuit in 1884 using hard drawn copper led to the 
use of copper for other interurban lines and the 
development of the first transposition system to 
prevent interference between numbers of telephone 
circuits carried on the same pole lines.*1*3!  Phan- 
tom circuits to give 3 independent circuits on 2 
pairs of wires were experimented on in 1884, but 
were not successful until about 1902. In 1899 came 
Pupin’s invention of loading, by which means the 
transmission efficiency of telephone wires was in- 
creased. Loading not only permitted the extension 
of open-wire circuits to greater distances, but it also 
made possible long distance telephone transmission 
over cable circuits.®?*% From small beginnings in 
1902, when 49 pairs of a 10-mile cable from New 
York to Newark were loaded for commercial service, 
the use of this invention has extended until at the 
present time there are about 8,500,000 coils in use in 
the United States. Cables for phantom circuit 
working were made successful in 1910. 

Another great technical step in making possible the 
extension of long distance telephony was the develop- 
ment of the telephone repeater. The first commer- 
cial application of repeaters was in 1904 between 
New York and Chicago. These were of the mechani- 
cal type, the vacuum tube repeater being first used 
commercially in 1913.32 The combined effect of 
these advances in the art led to the opening of trans- 
continental service in 1915 and the rapid extension 
of the service toward the ideal of a universal service 
between all points of the country.°*’’ These de- 
velopments made possible the use of extensive long 
distance telephone cable systems, including circuits 
in cable 2,000 miles or more in length. In this way 
it was possible to connect together, by means of 
storm-proof plant, many of the larger cities in the 
Beatty, +4604 

Carrier telephone systems, by which several inde- 
pendent telephone channels are simultaneously car- 
tied on one pair of open wires, marked another step 
in long distance transmission. They were first ap- 
plied commercially in 1918 between Baltimore and 
Pittsburgh.***76 There are 575,000 miles of carrier 
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circuit in the telephone plant today. Now, through 
a further series of technical developments, we face 
the prospect of having in the future carrier telephone 
methods applied to the toll cable plant giving a still 
more effective use of the pairs in telephone toll 
cables.” 

In 1921 the telephone network, which theretofore 
had been confined to the continental area of the 
United States and Canada, began to stretch out to 
other countries. The first step was the establish- 
ment of service between the United States and 
Cuba through the placing of submarine telephone 
cables of novel design.*® In 1915 the first experi- 
mental transatlantic telephone communications using 
radiotelephone links were held, and in 1927 commer- 
cial transatlantic service was established.*%4#8? 
This form of development has expanded so rapidly 
that today there are a quarter-million miles of inter- 
continental radiotelephone circuits in service in the 
world, and it is possible from any telephone in the 
United States to reach 92 per cent of all the tele- 
phones in the world, located in 54 different countries 
on all the continents of the globe. In the last few 
years telephone service has been extended to ships 
at sea by the use of radio, 19 ships being equipped 
at the present time for connection to the American 
telephone system.” By the application of newly 
developed materials and an advanced technique, it 
will be possible to build a transatlantic telephone 
cable when the continued increase in messages to be 
handled makes this desirable. 

With the rapid development of telephone net- 
works throughout the country, their use for the 
transmission of music and for other entertainment 
purposes has been in the minds of the experts. In 
the early days, however, such transmissions, while 
interesting scientific demonstrations and well re- 
ceived, did not represent a reproduction of music or 
even of voices which was technically faithful. With 
the perfection of the telephone art it became possible 
to carry out such transmission with increasingly good 
reproduction, and beginning with about 1915 there 
was a large development of such service using loud 
speakers to bring the programs to audiences. 44” 
The latest step in perfecting the electrical trans- 
mission of music, in which the transmission is not 
only of extreme fidelity but includes the effects of 
acoustic perspective and also a range of volumes far 
beyond that which can be produced directly by an 
orchestra, has just recently been described and 
demonstrated before this Institute.%” 

Improvements in radiotelephony led to the intro- 
duction, in 1920, of radio broadcasting of programs. 
This has grown to its present large proportions with 
about 600 radio transmitting stations broadcasting 
programs to 16 million radio receiving sets in this 
country. 4849535862670 Many of these transmitting 
stations are linked together in groups by program 
transmission wire networks, aggregating about 35,000 
miles of circuit.” 

The application of the technique developed for 
electrical communication has led naturally to its 
extension to uses other than those contemplated in 
the original telephone and telegraph systems.” 
Private wire telegraph systems have developed a 


747 


Some Contrasts 


Above Modern dial type 
and telephone 


(Right) Desk stand telephone 
of 1886. Equipped with 
“‘long-distance’’ transmitter and 
with exposed transmitter wir- 
ing and switch-hook contacts 


(Below) Wiew of Harrisburg- 
Pittsburgh cable route, the 2 
cables shown providing more 
than 1,000 telephone wires 


Interior of Chicago manhole containing some 18,000 ex- 
change plant wires, 3,500 toll wires, and 3,200 !oading coils 


Section of latest 
type exchange plant 
cable containing 18 
groups of 101 pairs 
of wire each (total of 
3,636 wires) in lead 
sheath of 25/s-in. 
diameter 


Pole line erected in New York 
City in 1887, consisting of 90-ft 
poles carrying 25 to 30 crossarms 
(250 to 300 wires) 
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Equipment 


Stock quotation transmitting 
center, New York 1881 


Telegraph operating room, New 
York 1881, showing women send- 
ing and receiving telegrams by 
the key and sounder method 


Modern transmitting center for nation-wide stock 
quotation service with high-speed tickers 


Modern telegraph operating room, New York, showing 
multiplex telegraph equipment with associated sending 
keyboards and receiving printers 
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wide variety of uses, including automatic stock 
quotation boards and the transmission of weather 
maps for air navigation.*®*° The last few years have 
witnessed the extension of application of electrical 
communication to assist the law enforcing agencies, 
including teletypewriter systems between the police 
offices and radiotelephone for continuous contact 
with police automobiles. Radio communication 
has been adapted extensively to the assistance of 
navigation, both of ships and of aircraft, through 
the development of methods for direction finding, 
radio beacons, and similar purposes.7%7%'%% There 
has been a rapid extension of remote control and 
of the transmission of information for a great variety 
of uses, the remote control of switches in power 
systems and remote indications of switch positions 
and of loads and remote indications of water 
levels.°):? 

A recent, and in one sense ambitious, development 
of electrical communication is television. The eye 
conveys much more information to the observer than 
the ear, receiving electromagnetic impulses very 
much more complicated in structure than the 
acoustic impulses received in hearing. This is illus- 
trated by the fact that in the electrical transmission 
of photographs over telephone circuits from 5 to 
15 minutes is required for the transmission of a 
photograph, whereas television is equivalent to 
transmitting at least 16 photographs per second. 
The very large number of electromagnetic impulses 
that must be transmitted in a second, or to express 
it another way, the wide band of frequencies required 
for the transmission of television signals, raises 
difficult problems both in the design of the terminal 
equipment and with reference to the transmitting 
medium, whether wire or radio. Successful demon- 
strations of television over a distance of 250 miles 
were made in 1927, and technical development, 
hoping for ultimate commercial application, is 
actively continuing.®* 

The records of the Institute’s proceedings are a 
valuable library of these tremendous technical ad- 
vances of the past 50 years. This is illustrated by 
an appended bibliography of selected references from 
the Institute publications in which are set forth 
technical discussions of these important develop- 
ments and to which reference has been made through- 
out this review. Although no general discussion of 
these papers is possible within the limits of this 
article, it is of interest to note in passing the first 
paper in the Institute’s TRANSaAcTIONS. This was 
presented at the first technical meeting in October 
1884, by Professor Houston and was entitled “‘Notes 
on Phenomena in Incandescent Lamps.’ It dis- 
cusses the ‘Edison effect,’ that is, the discovery 
that in an evacuated bulb an electric current would 
flow in one direction between a hot filament and 
cold cathode, but not in the other direction. This 
all will now recognize as the first 2-element vacuum 
tube and the basis of the modern science of elec- 
tronics which was stimulated 20 years later by 
De Forest’s addition of a third element and the 
development by many workers of the great possi- 
bilities which such a 3-element tube possesses. It 
is, indeed, interesting and significant that the first 
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Institute paper should be on a subject of sucl 
fundamental importance, one on which a larg 
number of the outstanding developments of electrica 
communication of the past 20 years depend anc 
which today is engaging to an increasing extent the 
attention of men in the electrical power field as wel 
as in the field of electrical communication. 

As a result of the extension of the electrical trans 
mission of the spoken and the written word, in the 
United States today, where many of the fundamenta 
concepts originated and much of the technica 
development was done, it is no exaggeration to saj 
that we can have almost instantaneous communica: 
tion between any 2 parts of our country. While 
these developments have been most extensively 
applied in the United States, a somewhat simila1 
statement may be made as to the scope of electrica: 
communication in other industrial countries. Ir 
addition, extending between the various nations 
there is a well developed electrical communication 
system. 

Communication is today an integral part of out 
social and economic life. That the American Insti- 
tute of Electrical Engineers has contributed in a 
substantial way to the accomplishment of these 
results cannot be doubted. Among the leaders ir 
that organization from time to time have been 
Alexander Graham Bell, Michael I. Pupin, John J. 
Carty, Norvin Green, Frank B. Jewett, and Harry 
P. Charlesworth, each of whom served as its Presi- 
dent. These same men likewise have been leaders 
in the communication development of which we are 
speaking. They are but a few of the thousands 
connected with the communication industry whe 
have been members of the American Institute of 
Electrical Engineers. Through its proceedings and 
through the informal contacts with others made 
possible by its meetings, all of these men have 
derived some of the knowledge and some of the 
inspiration necessary for the successful accomplish- 
ment of the communication enterprises, built up as 
they are upon complicated technical working. 

As the fiftieth year of the life of our Institute draws 
near to its end, we look back with satisfaction upon 
the results of the application of electricity to the 
welfare of mankind. We surely are warranted in 
believing that if we could look forward into the 
years to come we would there see still other and 
equally extraordinary developments, perhaps more 
extraordinary developments, which still lie before 
us and which will minister to the comfort and con- 
venience of the people of the United States and of 
the world. In these developments the members of 
of the American Institute of Electrical Engineers, 
present and future, will play a distinguished part. 
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A modern manual sub- 
scriber switchboard of 
1922. A portion of one 
of 160 switching units in 
New York City (includ- 
ing both manual and dial 
system offices) of types 
designed for a capacity 


of about 10,000 lines 
each 


View of panel central office switchroom of 
Oakland, Calif., now in service. Typical 
selector frames of the panei type which per- 
form the functions carried out by operators in 
manual switchboards. Picture shows a small 
portion of apparatus for one 10,000-line unit 


Milwaukee central office of 
1883 serving about 700 lines 
covering the entire city. 
Switchboard equipped with 
annunciator type line signals 
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Public attention has generally overlooked that contribution of Mr. 
Edison’s which seems destined to have the greatest influence on the 
world of the future. This was Edison's discovery in 1883 of the feeble 
flow of electrons in vacuo coming from the heated filament of his early 
incandescent lamps—the ‘‘Edison Effect."’ It is interesting to note that 
this phenomenon was discussed in the first paper presented at the first 
technical session of the A.I.E.E., held in Philadelphia, October 1884. 
(The first page of this paper is ‘Teproduced on p. 654 of this issue.) 
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For 20 years this pregnant phenomenon lay unused by the world, until 
in the early 1900's it formed the foundation for the first electronic 
tubes which now, in a myriad of forms, have given us radio, broadcasting, 
long-distance telephony, short waves, sound pictures, television, power 
control, rectification, electric surgery, electronic music, and a host of 
other developments. Thus the ‘Edison Effect’’ is bound to be in- 
creasingly recognized as the most epochal discovery in all the inventor's 
eventful career. 
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Early alternating current power plants had 
several small belt-driven alternators. This is 
an a-c plant of about 1886; note the wood 
panel switchboard and the early type meters 
mounted on it 


Ciesinshaice eho) (Above) Three of the 12 1,000- 
hp 2,200-volt 2-phase generators 
that supplied power for the Chicago 
World's Fair of 1893. Each 2- 
phase unit consisted of 2 single- 
phase generators on the same 
shaft. This was the most powerful 
plant built up to that time and the 
machines were then the largest 


a-c machines in America 
(Westinghouse photo) 


(Below) Three 400-kw a-c steam 
turbine generating units installed in 
1899 at the plant of the Westing- 
house Air Brake Company, Wil- 
merding, Pa., the first important 
steam turbine installation in America. 
These turbines drove 400-kw 3,600- 
rpm revolving-armature 440-volt 
bipolar 60-cycle generators. The 
plant operated at 125 Ib per sq in. 
steam pressure and had a fuel con- 


sumption of 22 |b per kwhr 
(Westinghouse photo) 


(Above) Waterside No. 1 station, 
first a-c generating station of the 
New York (N. Y.) Edison Company, 
as it appeared in 1904 after the first 
11 3,500-kw units had been in- 
stalled. The huge cross-compound 
engines overshadowed the genera- 
tors they drove. A\ll these machines 
have been removed, the last 7 having 
been replaced by 2 35,000-kw tur- 
bine-generator units prior to 1919. 
Originally designed for a total 
capacity of 56,000 kw, the plant now 
has an installed capacity of 214,000 


kw in the same area 
(Consolidated Gas Co. photo) 
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A modern counterpart of the early steam 
turbine stations shown on this and the 
facing pages, the Long Beach (Calif.) 
No. 3 station showing 2 94,000-kw 


tandem-compound units installed in 1928 
(So. Calif. Edison Co. photo) 
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Dynamo room of the original electric ‘‘central station,’ Edison's 
famous Pearl Street station in New York City, which began commer- 
cial operation September 4, 1882. All except one of these 
machines, which is now in the Ford Museum at Dearborn, Mich., 
were ruined by fire in 1890; they were dubbed ‘‘jumbos” because 


of their huge size, a complete machine weighing more than 60,000 Ib 
(Consolidated Gas Co. photo) 


(Above) Brush central 
station in Philadelphia of 


1883 vintage 


(General Electric photo 


(Left) An early 350-kw 
Parsons steam turbine driv- 
ing 2 7OO-amp 250-volt 
dynamos. This unit was 
brought to the United 
States from Newcastle-on- 
Tyne, England 
(National Carbon Co. photo) 


A 5,000-kw 500-rpm vertical generating unit installed at 
the Fisk Street station of the Chicago Edison Company in 
1903; it consists of a 2-stage Curtis turbine direct con- 
nected to a 9,000-volt generator. This machine is one of 


the first large units of its type and one of the largest of its day 
(General Electric photo) 


An early horizontal type d-c dynamo. This is a bi- 
polar, double-magnetic-circuit machine, with 4 field 
coils, and was built in sizes ranging from 20 to 80 hp. 
This machine also was known as the Weston type; 


it sometimes was built with its long axis vertical 
(Westinghouse photo) 
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An early Edison type 
“Z" machine built in 
1883 


(General Electric photo) 


Generators 


Original Stanley polyphase gene:ator (armature 
drawn apart); this machine was wound for 6,600 
volts and had a capacity of 600 kva; 3 of them 
were installed at the plant of Montmorency Power 


Company (Quebec) 
(General Electric photo) 


(Above) Original a-c genera- 
tor, 1886-89. This was a 
single-phase 133-cycle 1,000- 
volt machine; it had a smooth 
armature core, covered with a 
single layer of wire. The bear- 
ings required frequent atten- 
tion, being lubricated by drip 


from large oil reservoirs 
(Westinghouse photo) 


(Left) One of the largest of 
modern steam turbine genera- 
tors is this 160,000-kw single- 
shaft unit in the East River 
station of the New York Edi- 
son Company; it was placed 


in service in 1929 
(Consolidated Gas Co. photo) 
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of Various Periods 
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A unipolar or “homopolar"’ generator of about 1895. This ma- 
chine, which generates direct current without a commutator, was 
built in sizes as large as 2,000 kw; unfortunately, however, it is 
practical for only very low voltages and consequently the de- 
mand was very limited. It is now acuriosity (Westinghouse photo 


A Brush arc dynamo, one of the early types of generators designed for 


operating arc lamps in series 
(National Carbon Co. photo) 


An early Gramme dynamo. The exact date 
of this machine is not known, but it is a 
very early type, a similar machine having 


been used in Germany in 1882 or earlier 
(Westinghouse photo) 
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The engine-driven generator, before the com- 
ing of the steam turbine, grew to very large 
sizes. This machine, one of the largest of its 
type, is a 5,000-kw unit built in 1901 for the 
New York City Elevated Railroad; the diame- 
ter of the generator is 43 feet. Machines of 


this type were very common prior to 1900 
(Westinghouse photo) 


The first Edison jumbo dynamo that went into 
operation in Thomas A. Edison’s original 
central electric light plant, the historic 
Pearl Street station in New York City, on 
September 4, 1882. This is the only one 
of the 6 original dynamo; that is still in 
existence. It is now in Henry Ford's Edison 


Museum at Dearborn, Michigan 
(Consolidated Gas Co. photo) 


(of 


Some High Lights of Electrical History 


By Elihu Thomson, President A.I.E.E. 1889-90 


UR AMERICAN In- 
O stitute of Electrical 

Engineers has now 
been in existence for a 
period of half a century, a 
period covering nearly the 
whole of electrical applica- 
tion from the time when 
there was little electrical 
engineering proper, to and 
including the major ad- 
vances which it is the func- 
tion of our Institute to 
discuss at its meetings and record in 
its literature, covering many volumes 
of proceedings. 

As one of the surviving ‘‘old timers,” 
I have been requested to outline, from 
my knowledge of the art, the conditions 
preceding the period about 1884, when 
the American Institute of Electrical 
Engineers began to take shape, a period 
which would precede the first electrical 
exhibition held in the United States, 
sponsored by the Franklin Institute in 
the fall of the year 1884, and called the 
“Electrical Exhibition.” From that 
starting point, I shall proceed, in a sketchy way, to 
tell of the inception, the growth, and the important 
events in our art, which have characterized one of 
the major business enterprises with which I have 
been connected a little more than the full half- 
century. 

I had been, in 1884, for a long time associated as 
member and as one of the board of managers of the 
Franklin Institute, and was accustomed to present 
papers on any new matter that we had been investi- 
gating. These Pee were presented at the monthly 
meetings. 


colorful 


DEVELOPMENTS PRIOR TO 1884 


I may now be permitted to make a brief statement 
of the conditions regarding the generation of elec- 
tricity from power prior to the date mentioned, and, 
of course, subsequent to Faraday’s discovery, in 
1831, of the conversion of mechanical power into 
electric current. <A great deal of information on this 
part of the subject is to be found in the two large 
volumes on “Electric Illumination” by James 
Dredge published in 1882, much of the material of 
which is stated to have been taken from the journal 
Engineering. The subject “electric illumination’”’ 
refers, in fact, to the early efforts to use mechanical 
power to drive dynamo-electric machines, now called 
electric generators, and the purpose of the currents 
so generated was to furnish the electric energy for 
lighting. It is true that the earliest of these ma- 
chines or generators comprised both the direct 
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current and the alternating 
current types. There were 
several forms of these ma- 
chines, which consisted 
mostly of revolving coils in 
the fields of permanent mag- 
nets, and they were applied 
mostly where a large unit or 
source of light was needed, 
such as a large arc, and used 
chiefly in lighthouse service. 
Such were the Clark, the 
Alliance, and the Holmes 
types of machines. These were fol- 
lowed by the Pacinotti, which was, of 
course, direct current and laid the foun- 
dation for such generators or dynamo 
machines as the Gramme. There were 
also the Wilde and Ladd machines, 
to which I will refer briefly later. 

A significant committee was called 
about this time, which became known 
as the “‘C. G. S. Committee,’ establish- 
ing as tee measures based upon the 
metric units, centimeter, gramme and 
second; the centimeter being the unit 
of length, the gramme being the unit 
of weight or mass, and the second the unit of time. 
This committee included such men as Weber, Gauss, 
Sir William Thomson, Prof. G. C. Foster, James Clark 
Maxwell, G. F. Stoney, Prof. Fleeming Jenkin, Dr. 
Werner Siemens, F. I. Bramwell, and Professor Ever- 
ett, who was secretary of the committee. The work 
of that committee was followed, in part at least, by the 
subsequent electrical congresses in the different coun- 
tries, usually associated with the great international 
expositions. 

Until the invention by Gramme, in 1871, of the 
Gramme machine, the continuous current dynamos 
or generators were such as the Wilde and the Ladd. 
I happened to be present at an exhibition in Phila- 
delphia in which a Wilde machine was shown, which 
had been acquired from abroad for the University 
of Pennsylvania by Prof. Robert E. Rogers, of the 
department of physics, and I remember the thrills 
that I experienced in seeing it operate giving direct 
current and heating a strip of metal to a bright 
red heat when driven by the power of 2 men. I 
seemed to feel in this exhibition, modest as it was, 
that there was the beginning of our art so far as 
continuous currents were concerned. However, this 
comparatively crude machine was soon followed 
by the Gramme, involving the principle of com- 
mutation set up by A. C. Pacinotti some time before. 
The Gramme machine was at once recognized as a 
type far more perfect for continuous current genera- 
tion than anything that had appeared before, and 
while it was developed in France, there were occa- 
sional instances of such a machine having been 


This 


involved. 


ELECTRICAL ENGINEERING 


brought to America. I may add here that it was 
recognized as perhaps the most perfect type of 
continuous current machine when announced in 
1871 by Gramme. 


Notre—To anticipate, in 1889, at the Paris Exposition, I was 
invited to take luncheon with the electrical jury, and Gramme was 
present. I was told that it was very difficult to get him out, and 
that it might be considered a most exceptional event that he had 
appeared on this occasion. 


The Gramme machine became known in the litera- 
ture in the early 70’s of the last century, and was 
followed by modifications, such as the Wallace- 
Farmer machine, made by Wallace & Sons, of An- 
sonia, Connecticut. It also was followed abroad, 
as in England, by R. E. B. Crompton taking up and 
manufacturing the Birgin machine, which was 
like the Gramme except that instead of a single iron 
wire ring with the armature coils carried thereby, 
there were several rings consecutively placed on the 
shaft. The copper wire coils of these rings, few in 
number on each ring, were connected up to a com- 
mutator which was practically like the Gramme or 
Pacinotti. Colonel Crompton still lives in London 
at the ripe age of 90 years. 

Then came the Siemens machine with its cylin- 
drical armature, similar to the Weston, followed by 
the Brush machine, which, while it had an armature 
in the form of a ring, was peculiar in its commuta- 
tion and not at all like the Gramme. 

It should be noted here that during the Exposition 
of 1878 at Paris, the Avenue de L’Opera was lighted, 
as well as the Place de L’Opera, by a system which 
existed only for a few years, namely, the Jablochkoff. 
As I was in Paris at the time, I was able to form an 
estimate of the possible future of the Jablochkoff 
system of lighting. It was based on the use of 
parallel carbons in what was called the Jablochkoff 


Fig. 1. 


A model, part of which is the original, of a 
wine bottle frictional static machine built by Pro- 
fessor Thomson when 11 years old 
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“candle,’’ and these were operated by alternating 
currents from stations nearby. These stations had 
been furnished with dynamos which were based on 
principles similar to the Gramme, but without the 
commutation. I remember also that one of the 
railway stations in Paris, I think the Gare St. 
Lazare, was lighted by a series of arc lamps of the 
Lontin system, about 6 or 8 in number, during the 
exposition time, and so far as I know, this was one 
of the early cases of the use of arc lamps in series. 
Crompton, in London, I understand, in applying 
the Biirgin type of dynamo to lighting, did not limit 
himself to a single lamp, but the machines were 
made of sufficient voltage to operate 2 or 3 or more in 
series. 

I can say that at least 10 years before the formation 
of the American Institute of Electrical Engineers, 
I began the construction of small model dynamos 
and armatures. From 1873 up to 1875, I remember 
making a small dynamo with a Gramme ring, and 
comparing its operation with the same machine 
in which the armature of the ring type of Gramme 
was replaced by what became known as the Siemens 
armature, though at the time I thought I had in- 
vented it, until I had looked it up in the British 
patents. It was the drum armature, so-called, and 
the comparison really favored the Siemens type. I 
still possess this small example of early construc- 
tion. 


EARLY EXPERIMENTS IN ELECTRONICS 


Prof. E. J. Houston and I had become associated 
in electrical work, he being at the head of the physics 
department, and I teaching in the chemistry de- 
partment of the Boys’ Central High School in Phila- 
delphia, Mechanics being one of the subjects that I 
taught, and any new ideas which came to us were 
discussed together. It happened that, about 1875, 
it was announced by Edison that he had discovered 
a new force, which he called ‘‘etheric force,’’ because 
it showed no evidence of polarity, plus or minus, 
positive or negative, and would not affect any of the 
instruments then in use for detecting electric current. 
A considerable amount of interest had been taken 
by the newspapers in regard to this alleged new 
force, or ‘“‘etheric force,’ and, as was natural, 
Professor Houston and I discussed the matter. 
I remember saying to him, “That is not a new force; 
that is electrical, and we can easily prove that it is 
so.” This led to a series of experiments in which 
finally the discharge of a large induction or Ruhm- 
korff coil secondary across a spark gap produced 
sparks about 11/. or 2 in. long, from an improvised 
condenser which consisted merely of a tin vessel 
supported on a glass jar attached to one of the ter- 
minals of the secondary of the induction coil, 
while the other terminal was grounded on a water 
pipe beneath the desk or table. This apparatus 
being set into action, we explored the whole school, 
which was quite a large building, and found that we 
could pick up tiny sparks from metallic objects all 
through the building, which had many rooms and a 
basement, and that even at the observatory at the 
top of the building, nearly 100 ft away, these same 
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indicating sparks could be drawn from almost any 
metallic object, proving that the “‘etheric force’ was 
merely rapidly reversed electrical impulses sent out, 
clearly an embodiment of the subsequent wireless 
work. We had no doubt at the time that we could 
have gotten these tiny signal sparks, as we might 
call them, from any location, even outside the build- 
ing, if not too far away. Our experiments provided 
the missing polarity, and showed that a proper in- 
strument would have responded to the waves sent 
out by each spark. These experiments were de- 
scribed in the Journal of the Franklin Institute, and 
the article was reproduced in the Scientific American 
Supplement No. 21, issued May 20, 1876. 

This account would not be complete without brief 
reference to the conditions in which I was personally 
concerned, which led me into the art of dynamo 
construction and are lighting. At the Centennial 
Exposition of 1876, there were, as I remember it, 3 
exhibits of dynamos; one was the very interesting 
Gramme exhibit, sent over from Paris and occupying 
a small space in Machinery Hall; another was a 
Wallace-Farmer machine, used to provide current 
for a single arc light; and the third was a solitary 
machine which I understood had been built at 
Cornell University by Prof. William A. Anthony, 
physics professor there, who afterward became a 
President of the Institute. It was substantially of 


Fig. 2. Experimental pair of transformers as used at 
the Franklin Institute, Philadelphia, January and 
February 1879, in pioneer a-c experiments 


Gramme construction. When the exhibition had 
closed, some of the lighting of the building was 
taken care of by Brush machines temporarily, a 
single are on each circuit. 

It had been proposed at the Franklin Institute 
to appoint a committee on Dynamo electric ma- 
chines, so that measurements of power taken to 
drive them, measurements of electrical energy used 
in the various parts of the circuits of the dynamo, 
especially in the arc circuit, measurements of effi- 
ciency in the conversion of power into electrical 
current energy, and such other things as might seem 
of interest and of value in regard to the growing im- 
portance of such machinery, should be made. 
These tests were made on several machines offered 
for test in the early part of 1878, and the record of 
this may be found in the Franklin Institute Journal, 
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“Report of the Committee on Dynamo Electri 
Machines,”’ so that I need not go into any furthe 
detail here. 


EarRLy LECTURES AND EXPERIMENTS 


It is proper that I should mention in this connec 
tion that I was requested to deliver a course of ¢ 
lectures early in 1877, at the Franklin Institute 
dealing with electricity. I took for my genera 
theme in these lectures the idea that electricity fron 
any source, however produced, was the same in es 
sence and obeyed the same laws. This led me to d 
some things which I believe had not been done be 
fore, such as reversing a Ruhmkorff induction spar] 
coil by sending a high tension discharge from a Leyder 
battery through the fine wire winding, and notin; 
the effects in the coarse wire primary, so-called 
which now became the secondary circuit. As th 
induction coil itself would be subjected to som: 
strains which might even break it down, I used i 
this case a coil that I had built for my own use, anc 
which I could rewind if anything happened to it 
This reversal of the induction coil led to 2 things 
it suggested the idea of the electric welding trans 
former, which experiment I need not describe, as 1 
has often been described; and it also led to the trans 
former in which a high potential was put upon thi 
primary fine wire and the working current taker 
from a short conductor, which ordinarily is thi 
primary but now had become the secondary, leadins 
at once to the idea of the potential reducing trans 
former or transformer system. I need not dwell or 
this experiment either, because it has been de 
scribed, but each of these trials became the fruitfu 
suggestions for later work. 

The tests at the Franklin Institute naturally 
turned my attention to the use of dynamos fo: 
working arc lights, and no doubt was a considerable 
factor which led to the invention of the Thomson 
Houston 3-coil machine as a simple dynamo con 
struction, from which we developed a constant cur. 
rent arc lighting system. I had found very soo 
after running the first of this type of machine, tha 
I could change the position of the brushes on thi 
commutator and even run the machine on a short 
circuit without increasing the line current and with 
out any damaging effects. 

The first machine embodying these principle: 
was built in a small machine shop in Philadelphia 
but when it was ready for test, we did not hav 
power enough to drive it. However, we found ; 
place for it in a bakery nearby where we were able t 
run it, and this machine became known as thi 
“bakery machine.” It is the one that is now at th 
National Museum in Washington. When we cam 
to build the machine, I had to do all the figuring 
and all the proportioning; in fact, all the engineer 
ing. I wound every inch of wire on it, because | 
did not dare to have anybody handle the wire with 
out knowing it was thoroughly insulated. We go 
it running, and our backer, Mr. Garrett, came in on 
day while we had 4 20-ampere arcs running fron 
it. He said, “‘Aren’t those lights rather large?” 
said, “Yes; I thought you would need smaller lights 
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but we have no lamps to test this out. In fact, I 
have provided for the change to smaller current and 
higher voltage. The machine is double wound 
and has 2 wires instead of a single wire circuit 
running through it. I have only to make a few 
alterations in coupling these wires, but we have 
no lamps to make the test.”’ 
“T can borrow a number of lamps, and we can make 
the test and then restore the lamps to the circuits.”’ 
With that, he brought along about 10 arc lamps of 
the Brush type, which, by the way, fitted nicely into 
our conditions, and in testing we found that at the 
speed we were driving the dynamo, which was un- 
changed from the time it was running the 4 lights, 
we could easily maintain, in a series, 9 arc lamps. 
This first machine, called the “bakery machine,”’ 
the first of its type with the 3-coil armature winding, 
was already a well developed machine for quite a 
number of are lamps. 

During the time this machine was being run in the 
bakery, Houston and McCollin, the latter being 
associated with Mr. Garrett, would come in and 
find me there looking after the machine, and would 
say, “My, you will kill yourself,” for the thermome- 
ter in the room frequently registered 140°F., and 
the only way I could stay there and watch the ma- 
chine was by drinking ice water to excess. Before 
my blood became too hot I cooled it in this way and 
survived the heat with no ill effects, while both 
Houston and McCollin were forced to retire from the 
field because they were overheated; upset by some- 
thing like sunstroke. 

Garrett and McCollin carried on in Philadelphia 
the construction of machines that were very much 
like the “bakery machine,” and Mr. Garrett started 
a small business of making and selling these ma- 
chines with the complement of arc lights. 


DESIGN CONTROVERSIES 


It was about this time that our business was trans- 
ferred to New Britain, Connecticut, the actual es- 
tablishment of the business in New Britain taking 
place in the year 1880. A syndicate of local business 
men, headed by Frederick H. Churchill, made an 
arrangement with Mr. Garrett to take up the work 
for the United States, except for the middle states, 
which Mr. Garrett retained. While the business 
done in New Britain was not particularly active, 
and, in fact, was much smaller than it should have 
been with proper energy and devotion to the new 
enterprise, it did give me an opportunity for de- 
veloping certain things that added advantages to 
what was then known as the Thomson-Houston 
system of arc lighting. It was fortunate that 
E. W. Rice, Jr., who was a young man just graduat- 
ing from the High School in Philadelphia, associated 
himself with the enterprise, and by his energies was 
one of the greatest assets we ever had. Recipient 
of many honors, he became President of the General 
Electric Company, after having served for years as 
its technical director at Schenectady. 

For a time there was a superstition that the wire 
over the ends of an armature, such as the drum 
(Siemens drum or Weston types) was idle wire, 
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since it did not cut the lines of the field, and that, 
therefore, it would be proper to restrict its amount as 
far as possible. The correct view, which became the 


practice in Thomson-Houston designs, recognized 
the idle wire idea as unsound, and that the form of 
the armature winding depended on enclosing the 
maximum of lines of force or surrounding an area 
by the armature coil or coils as great as possible and 


Fig. 3. Professor Thomson's 1878 a-c generator, 
first shown at the Franklin Institute in Philadelphia, 
where with 2 step-down transformers connected 


in parallel it lighted lamps 


securing the benefit of a high peripheral speed in 
cutting the field lines. Hence, if more field lines 
at high speed could be cut, so much the better the 
design. 

This principle was recognized in the “bakery ma- 
chine’ and in the Thomson-Houston dynamos built 
in 1879 in Philadelphia, and in the subsequent de- 
velopment of the Thomson-Houston system in 
Lynn, Mass., with its armature winding short along 
the axis. When this became generally known, the 
idle wire theory gradually disappeared, both in elec- 
tric motors and in dynamo machines. 

t was during this period that I designed and built 
the type of dynamo which became characteristic of 
the Thomson-Houston system; namely, the spheri- 
cal armature type, which retained the 3-segment 
commutator and was provided with a perfected 
regulator for moving the brushes and keeping the 
current in the circuit constant, no matter what 
might be the load in lamps up to the capacity of the 
machine. 

On p. 190 of Sylvanus P. Thompson’s “Dynamo 
Electric Machinery,” published, second edition, in 
1886, he says: 


Thomson-Houston Dynamo—This machine, which is equally 
remarkable, was designed by Professors Elihu Thomson and Edwin 
J. Houston, of Philadelphia. Its spherical armature is unique 
among armatures; its cup-shaped field magnets are unique among 


field magnets; its 3-part commutator is unique among commutators. 
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While the spherical armature machine was de- 
veloped in New Britain, the capacity of any single 
machine was limited to 12 arc lights in series, the 
commutating limit, until during the stay in New 
Britain another important invention had been made; 
namely, the air blast for the commutators, the air 
blast being a device for inserting non-ionized or cold 
air at the breaks in the commutator, 3 in number. 


Fig. 4. A complete Thomson-Houston 3-coil arc 
dynamo with movable brushes and wall regulator 


The number of arcs in series which could be operated 
from 1 dynamo was increased indefinitely, so that 
later on as many as 75 arcs were maintained from a 
single 3-segment commutator, and this arrange- 
ment permitted free oiling of the surfaces of the com- 
mutator. 


CINCINNATI INDUSTRIAL EXHIBITION, 1883 


In regard to the work in New Britain, it may be 
proper to mention that in 1883 there was held in 
Cincinnati an industrial exhibition. Electric light- 
ing machinery being then quite novel, arc lights were 
naturally the subjects of investigation included. 
This led us to send to the exhibition one of our ma- 
chines with its complement of arc lamps. The tests 
made were in charge of Doctors Mendenhall and 
Eddy, professors in the Ohio State University and 
the University of Cincinnati, respectively. Their 
report was favorable to our machine, which, in my 
judgment, I thought would be the case. 

It was an era of intense rivalry. The Brush Com- 
pany, Weston, ourselves, and others, were rivaling 
each other, and we were making all the good points 
we could for our own systems, of course. Some of 
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the prominent electric lighting companies had, ac- 
cording to our view, no satisfactory arc system, one 
that met all requirements, and in 1882 we had a dis- 
cussion with some of them in New York about the 
future of the art, etc. On going back to New Britain, 
I was called into a meeting of our directors and stock- 
holders, and was presented with a contract all drawn 
up for me to sign, to cover future service. They 
would hire me for a certain amount to carry on the 
work, for so many years; and I said to myself, 
“What they are after is to put me on the shelf. 
They think they will satisfy me by giving me a con- 
tract for so much a year and for so long.” “But,” 
I said, ‘“‘I see no preamble, saying that the company 
must carry on the work with due diligence, as per the 
first contract. That should be there.”’ They said, 
“All that is understood.” ‘Well,’ I said, “if it is 
understood, put it there.” I was given to under- 
stand that Houston, being 8 years my senior, would 
be the hard one to deal with, but Thomson would be 
all right, and I thought, “I will show them. If that 
is the way they estimate me, they will get to know 
more.” They said again it was not necessary. I 
said, ‘‘I demand it; that is the whole essence of the 
thing.’”’ We spent a whole afternoon arguing, and 
finally I picked up my hat and said, “Gentlemen, I 
am going. You need not expect to hear from me 
unless you put that preamble in the contract,” and I 
left. 


SOME EARLY COMMERCIAL DEVELOPMENTS 


The next thing I heard was that the New Britain 
people had sold out to the Brush Company, of 
Cleveland, Ohio. George W. Stockley, the head of 
the Brush Company, had bought a majority interest 
in our stock. I met him in New Britain, and I said, 
“Mr. Stockley, do you know what you have bought? 
You have bought a law suit, and you are bound to 
lose out on it.”’ I said, “‘Please look at this con- 
tract.” I pulled out the original contract; “If 
the business is not carried on with due diligence and 
the proper expenditure of time and money, the 
patents revert to the patentees on presentation of 
their stock.’’ He read it, and said, ‘“‘I wouldn’t 
have touched it if I had known that was there; 
I wouldn’t have had anything to do with it.” 

That is the time that the Lynn people came along; 
S. A. Barton, H. A. Pevear who was our first Presi- 
dent when we got to Lynn, and C. A. Coffin, about 
7 or 8 in all; we called them the ‘Lynn Syndicate.” 
Their interest in our apparatus came about in this 
way. A promoter named Edwards H. Goff, had 
bought one of our little machines of several arc lights 
capacity, and to interest the public had put it in the 
basement of a building on Tremont Street, in Boston, 
and so wired it as to put 2 of the lights outdoors. 
They were good steady lights, and attracted atten- 
tion, including that of the gentlemen from Lynn, 
who said, virtually, ““Why can’t we get this kind of a 
system for Lynn?” Barton wanted it for his store, 
and the others were also interested. They happened 
to look at the nameplate of the dynamo as run in 
Boston, and found this inscription, “Manufactured by 
the American Electric Company, New Britain, Conn.” 
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Silas A. Barton and Henry A. Pevear at once made 
a trip to New Britain, and there met E. W. Rice, ifs: 
who showed them our apparatus and system. Mr. 
Rice told them the whole story of how the business 
stood, and they said, ‘““‘Why can’t we get into this 
thing?’ He told them that he thought that under 
proper circumstances I would join hands with them 
and be very glad. That opened the way for the 
Lynn people to buy the majority interest in the 
American Electric Company. In fact, they bought 
Stockley’s stock. I made it clear to them that if 
they bought Mr. Stockley’s interest and carried on 
the business as we hoped it would be carried on, we 
would join heartily with them, of course. 

Thus began the works at Lynn, in 1883. The 
Lynn contingent built a factory, stocked it with 
tools, and we soon found that Mr. Coffin was a won- 
derful man, a business genius, who would come into 
the works and see us at work at some new thing, 
and would say, “How soon will you have it?” 
“Well, we will do it as fast as we can,’”’ would be the 
reply. He would say, “Go ahead and do it, and 
don’t mind the expense; do the thing you think is 
right.”” When it came to the street car business it 
was the same thing, ‘““Go ahead and do it.” The 
foundation of our enterprise in 1882 was the Thom- 
son-Houston arc lamp system. 


THe Arc-LIGHT ERA 


In the exploitation of the arc system, we had 
adopted as a standard current value 9.6 amperes for 
the larger lights, and 6.8 for the smaller lights. 
These were always run in series, and the are lamps 
could be exchanged from one constant current cir- 
cuit, say 9.6, to another circuit of 9.6 at will. In the 
same way, the voltage across the arc was standard- 
ized so that the arcs in one of these circuits could 
replace any others; they were interchangeable. 

It also may be mentioned, as an interesting fact, 
that from the start of our business we had provided 
on each arc lamp shunting switches, so that if a 
lamp was not needed, or was to be extinguished, it 
was necessary only to close the shunting switches or 
close the shunts around the lamps to be cut out. 
These advantages were, indeed, very much appreci- 
ated, and gave exceptional status to our arc lighting 
system. The possibility of their being used in this 
way, of course, followed upon the standardization 
of the current by the regulator, notwithstanding the 
changes in the load on the dynamo or on the constant 
current circuit, or fluctuation of speed in the dynamo. 

In the arc lighting field, naturally the Brush Elec- 
tric Company and the Brush arc system and the 
Thomson-Houston system operated the majority of 
arc lamps throughout our cities, the Thomson- 
Houston system continually gaining, so that in a 
few years it became the one most extended in use. 

While our first arc lighting work included only the 
d-c carbon arc, this was, as time passed, substituted 
by the enclosed carbon arc, the luminous arc in which 
the arc flame itself was the source of light, carrying, 
as it did, refractory luminous particles, and later by 
the magnetite arc in Schenectady, as invented by 
Dr. Charles P. Steinmetz, many thousands of which 
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went into use. We soon took up a general business, 
including electric motors for d-c and a-c circuits, and 
the great variety of electric appliances suitable to 
be worked on the circuits, a-c, d-c, etc. The develop- 
ment and application of the a-c constant current 
transformer for working the street lights was not the 
least of these developments, and will probably con- 
tinue for many years ahead. 

The exhibit of the Thomson-Houston Electric 
Company at the Franklin Institute’s electrical ex- 
hibition in 1884 comprised several features that had 
been developed from time to time. For example, the 


slow feed that was required in arc lamps for the 
upper or movable carbon, with its holder, was se- 
cured by a very simple device which we designated 
the elastic support of the clutch, and which, in non- 
critical commercial language, gave what was known 
as a “‘sneak feed.” 


Fig. 5. Early Thomson recording wattmeter that 
shared first prize in Paris meter competition of 1890 


Sometimes it was an apparently small thing, a 
matter of proportioning, perhaps, that would de- 
termine the future history in the practice of our 
art. Very early in the Thomson-Houston develop- 
ment in Lynn, Mass., came the simple yet effective 
device called the film cut-out. It was especially 
applied to a system of incandescent street lamps, in 
which several series of lights were worked, the film 
cut-out being placed in the base of each lamp so 
that if a filament broke an instantaneous shunt 
around that particular lamp was established, leaving 
the rest of the system intact. 

Again, we developed the contactor control system, 
which is described in Thomson United States 
patent No. 617,546, of January 10, 1899, and has 
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been used widely in the control of trains embodying 
motor units on several cars of a train of passenger 
coaches, such as in the elevated train in cities, etc. 


Some EARLY TRANSFORMER DEVELOPMENTS 


Another important invention which was developed 
along about this time, and which had been applied 
in New Britain on switches and lightning arresters 
and controllers for circuits, was the magnetic blow- 
out, and during the period of the development at 
Lynn, the transformer system which I had created 
and tried out at the Franklin Institute in 1879 was 
brought to the point at which it could be commer- 
cially used. Although it was the opinion of many 
that the alternating current with high voltage pri- 
mary circuits and low voltage secondaries for feeding 
the local load was dangerous, on account of the pos- 
sibility of leaks from the high voltage to the low, 
I withheld the Thomson-Houston Company from 
going into the field until I could develop proper safe- 
guards, 3 of which were worked out; chiefly the 
grounded secondary, which became practically uni- 
versal, having been at first condemned by the under- 
writers, then tolerated, then recommended, and 
finally becoming mandatory. This history of the 
safety grounding gave rise to a resolution by the 
Western Association of Electrical Inspectors, at its 
20th annual meeting, in which they designated me 


Fig. 6. Early model of Thomson constant current 
transformer 
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as the “father of protective grounding,” the date 
being September 2, 1925. 

It may be mentioned that the transformer system 
was completed by the oil immersion of the coils of 
the transformer and the cooling of the oil by circu- 
lation of water, the large and later developments of 
which have been perfected at Pittsfield, Mass., the 
seat of the transformer manufacture of the General 
Electric Company. 

Among the many important developments has 
been, of course, the alternating current motor, 
known variously as the repulsion motor, the shaded 
pole, etc. Added to this list of matters which were 
developed at West Lynn to a large extent, is a sys- 
tem of inventions beginning with the announcement 
of electric welding, first described in a paper in the 
Electrical World of December 25, 1886, and followed 
by numerous other modified or detailed patents 
forming the basis of the Thomson Electric Welding 
Company, of Lynn, which gave its attention to re- 
sistance welding, so-called, and which still carries 
on that special work under the name of the Thomson- 
Gibb Electric Welding Company. 

The patent records, to show the activity in in- 
ventions during the period of business in Lynn up to 
the present, cover upwards of 700 patents issued to 
me in the United States alone, sometimes jointly 
with other inventors. The list of inventions was 
extended greatly, patents for other inventions being 
taken out in the individual names of the inventors. 
Naturally, this list does not include the inventions 
made at other works of the company, such as 
Schenectady. 

It is an interesting fact, proper to be noted in this 
connection, that the Brush electric are lighting sys- 
tem was later transferred, in its manufacture of 
Brush dynamos, to Lynn, and that many of the 
larger type of Brush arc machines were built there. 
Attached to these large generators or arc dynamos 
was a regulator which answered all the purposes and 
gave a new status to the Brush dynamos as built at 
Lynn, making the plant entirely automatic. This 
was accomplished by the Thomson-Rice Regulator, 
the patent for which was issued March 30, 1886, 
No. 339,079. This patent was taken out some time 
before the absorption of the Brush Electric Com- 
pany, of Cleveland, Ohio, by the Thomson-Houston 
Company. 


ELECTRICAL MEASURING INSTRUMENTS 


When the New Britain organization was estab- 
lished in 1880, it was difficult to obtain any measuring 
instruments, or if they were obtained they involved 
a large expense desirable to avoid at the time the 
new enterprise was just beginning. Consequently 
my first piece of work there was to construct, by my 
own hands, measuring instruments in our little model 
shop. This involved the production of a Wheat- 
stone bridge, of the single wire type, with slider; it 
also involved the production of standard resistances 
to use with the bridge, and these were copied from 
standard bobbins that were borrowed for the time. 
such as units of value, 1 ohm, 5 ohms, 10 ohms, o1 
100 ohms, ete. It also was found difficult to obtain 
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an ammeter for measuring current, so that an astatic 
galvanometer was constructed and employed in 
connection with the bridge, used for standardizing 
the voltage and the current flowing in the circuits. 
Within a short time, however, we made for service 
such instruments as Thomson-Rice ammeters and 
voltmeters, some of which are still in existence. 
There also was constructed, as early as 1880, a 
testing room dynamometer for measuring the power 
required to drive the dynamos under various loads. 
This also was used to measure armature losses. 

During the early period from 1883 on, there were 
some carbon filament incandescent lamps, and a 
compound wound constant potential self-regulating 
dynamo adjusted to run at a standard voltage as 
desired. The brushes on the commutator of these 
machines were set in position and not changed for 
different loads, so that this constant potential 
dynamo, like the arc machine, was self-regulating 
no matter what the load, so far as the commutation 
was concerned, but, of course, there had to be pro- 
vided the variation of excitation by the shunt field. 

At the Paris exposition of 1889, and in the exhibit 
made there by the Thomson-Houston Electric Com- 
pany of the various appliances and inventions, there 
were a few meters especially arranged to record the 
load on the secondary of transformer systems. The 
electrical jury were advised by me to pay no atten- 
tion to the exhibit of meters, as there was soon com- 
ing a much more perfect instrument of the kind. It 
happened that the Paris meter competition was to 
be held the next year (1890) and that a prize of 
10,000 frances had been set aside for the winner, or to 
be divided if there was more than one meter that 
met all the conditions, chief of which was that the 
meter should be available without change, on al- 
ternating current or direct current. I urged our 
people to enter the competition, because I felt fairly 
certain of winning at least a part of the prize. The 
result was that the Aron meter and the Thomson 
recording wattmeter were awarded each 5,000 francs, 
because both the Aron meter and the Thomson meter 
met the condition of being available on alternating 
current and direct current. The decision of the 
Paris meter commission was quite satisfactory, be- 
cause it seemed inevitable that the simpler construc- 
tion of the Thomson meter would win out coim- 
mercially. 

At the time of the International Exposition at 
Chicago in 1893, I happened to meet Prof. W. E. 
Ayrton, who had been appointed to head the elec- 
trical jury of awards. He told me that they expected 
to use our meter as a standard with which the others 
were to be compared. Until the development of the 
simple a-c wattmeters, this meter satisfied all the 
requirements. 


INTERNATIONAL COOPERATION 


In the fall of 1884, and during the continuance of 
the Franklin Institute’s electrical exhibition, there 
was called a conference of electricians to discuss 
such matters as would naturally fall to a congress of 
the kind; the use of terms, etc. Before that date, 
I had become familiar with the increasing growth of 
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the electrical art, not only in the United States, but 
by visiting the Paris exposition of 1878. The con- 
ference of electricians at the Franklin Institute ex- 
hibition was the first general meeting in the United 
States, and was the forerunner of the international 
electrical congresses of 1893 at Chicago, and of 1904 
at St. Louis. Other congresses were held abroad 
filling in the gaps, as it were, and at which some very 
important decisions were reached in the nomenclature 
and units of measure. Thus, the unit of current, 
which before that time had been called weber, was 
now changed to the ampere. It was natural that I 
should attend the early meetings of the infant so- 
ciety, The American Institute of Electrical Engineers, 
which has now grown to such great importance 
and includes an army of membership. 

The records of the Institute itself will furnish such 
information as to papers and discussions in which I 
have taken part. When elected President of the 
American Institute of Electrical Engineers in 1889, 
I presided at one of its meetings at which I delivered 
a paper.* Later in the year, I went abroad to at- 
tend the Exposition Universelle at Paris. The 
well-known repulsion experiments with alternating 
currents were shown at this exposition for the first 
time abroad, as well as several devices based upon 
the discoveries made. They naturally attracted a 
great deal of notice here as well as in Europe, and 
formed the basis of many valuable devices, including 
the repulsion a-c motor. 

Prof. J. A. Fleming requested that the repulsion 
apparatus, which included quite a series of embodi- 
ments showing the repulsion principle, be loaned 
to him so that he might present it in a lecture to the 
Royal Society of England. This was done in the 
famous Fleming lecture, and then followed the re- 
quest that the set of apparatus be retained in Eng- 
land permanently in the Royal Institution, on the 
idea that Faraday’s work would be supplemented 
for alternating currents, whereas his work had dealt 
only with direct current. This gift of the pioneer 
repulsion apparatus was made, accordingly. 

It happened that while I was in Europe, in 1889, I 
was called upon to represent the A.I.E.E., being 
then its President, at a conference of a body of 
engineers in London. This meeting comprised 
about 300 visiting Americans, including many 
men at the head of our engineering and manufactures, 
along with 300 or so British representatives of the 
arts and industries. It was particularly desired of 
me that I attend the Guild Hall dinner, as the In- 
stitute’s first representative abroad. There was a 
list of speakers representing the British side, as also 
others representing the American visiting engineers. 
In a body of the size (600) it naturally became a diffi- 
cult matter to have the speakers dominate the situa- 
tion, or speak loud enough to reach the members 
present and prevent their going off into a buzz, and 
this is the humorous part of it: 

One of our American college professors who was 
present was seated at the head table several places 
to the left of my position, and he passed me a note 


* Professor Thomson’s first formal paper before the Institute was the classical 
paper entitled ‘Novel Phenomena of Alternating Currents,’’ presented at the 
General Meeting on May 18, 1887. 
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while one of the gentlemen representing one of our 
metal industries was speaking. It was notable that 
this man’s voice did not reach many feet away from 
his position at the head table. The professor’s 
note reminded me of the fact, and to quote him 
(those present were paying little attention to the 
speaker, and the whole room was filled with a buzz- 
ing mass of humanity who, not being able to hear, 
naturally fell into conversation with neighbors), 
“Thomson, it is your turn next, and for the Lord’s 
sake, get them back!’ I answered his note, “‘I will 
ifI can.” The denouement was that I did get them 
back, and had the attention of the body present in a 
few minutes after I began, but it required a tre- 
mendous effort of the lungs to reach the more dis- 
tant part of the audience. 

I am reminded that in one of the discussions 
printed in the JouRNAL of the Institute, reference 
was made by me at some length to a steam engine 
of high economy, which was not even condensing, 
but exhausted its steam directly from the cylinders. 
We were surprised to find that the same type of en- 
gine sometime later was announced to the world as 
the Stumpf uniflow engine, showing high economy, 
and that other engines of similar type, one called the 
““inaflow”’ instead of uniflow, appeared in the steam 
engine art. I have at least the satisfaction of having 
brought this type of engine to the knowledge of the 
membership of the Institute, describing its construc- 
tion and its properties before it had been christened 
the “unaflow” or “uniflow,”’ but I was not present 
at that ceremony. It was developed by me at the 
Lynn Works of the General Electric Company. 


SOME RaILwAy DEVELOPMENTS 


I should not leave this account without reference 
to another important event, which practically started 
the work of electrification of street railways by the 
Thomson-Houston Company. The company al- 
ready had made arrangements with Bentley and 
Knight in connection with railway problems, but 
Mr. Coffin took the position that the wisest and 
speediest method would be to acquire an active 
business from some one of the concerns already spe- 
cializing in that work. He asked me, ‘Thomson, 
who is there that has done pioneer work in street 
railways?” ‘“‘VanDepoele, of Chicago,’ I answered. 
Said Mr. Coffin, ““What has he accomplished; how 
is he getting along?’ I said, “He has done much 
good work, but I believe the conditions of his or- 
ganization are not satisfactory to him.” Mr. 
Coffin then asked if I thought he would come on for 
a conference, to which I answered in the affirmative. 

On invitation, Mr. VanDepoele did come on to 
Lynn, and we met in Mr. Coffin’s house. Mr. 
Coffin was soon satisfied that Mr. VanDepoele was, 
indeed, a valued pioneer in street railway electrifica- 
tion. The business of VanDepoele then became 
part of the work of the Thomson-Houston Com- 
pany, especially in the engineering organization. 
Unfortunately, Mr. VanDepoele contracted an ail- 
ment, severe muscular rheumatism, leading to his 
untimely death, but he had left his impression in- 
volving the under-running overhead trolley and the 
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carbon brush. Elsewhere the complete history of th 
application of our introduction of the carbon brusl 
to electric railway motors is to be found, and neex 
not be repeated here. This use was a suggestion o 
VanDepoele’s. In the same way, the carbon brust 
became an essential to commutation in the powe 
station dynamos, and, indeed, the almost universa 
application of the carbon brush in dynamos anc 
motors of the continuous current type followed. 


Fig. 7. Professor Thomson and his first (1886) elec- 
tric welding transformer, with single turn secondary 


It is well known that under the circumstances ex- 
isting in 1891-92, it was desirable that an organiza- 
tion should exist which would supplement the work 
of such a company as the Edison General Company, 
which had opposed the use of alternating currents 
on the ground of danger. It was thought desirable 
that a company in the expanding field should not be 
limited by the opinions that this or that should be 
avoided, when proper safeguards were established. 
This was the case with our safety devices for al- 
ternating current and transmission by transformers 
at high potential to be lowered at the consumers’ end 
to the potential desired in the apparatus used. This 
condition was brought to the notice of some of the 
most important business men in the Edison com- 
pany, and, of course, the Thomson-Houston Com- 
pany was informed. Not to go into the details, it 
was determined by the Edison General Company 
that it would accept the conditions which would 
make a well rounded-out organization. Mr. Coffin 
was called upon, as the leader of the Thomson- 
Houston Company, and his broad view favored the 
consolidation of the two companies. Thus, negotia- 
tions followed whereby a number of the Thomson- 
Houston officials became the leading officials of the 
new organization, the General Electric Company, 
with Mr. Coffin as its president. In this way, the 
field for expansion of the electric lighting and power 
industry was stripped of some limitations, which 
before had stood in the way. 

At the beginning of the present century, I was re- 
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quested to furnish an article to the New York Sun, 
dealing with the advances in the electrical work that 
had characterized the century before 1900. That task 
[ undertook, and the article was widely published. 

Mention has been made of the International Con- 
gress of Electricians, which met in St. Louis in 1904. 
It happened that I was made the president of this 
Congress, with a very efficient secretary, Prof. A. E. 
Kennelly, and treasurer, William D. Weaver who 
had long been connected with the finances of the 
Institute. Due to their untiring devotion, the 
congress was quite a success. 

The organization that was started in St. Louis at 
the time of the exposition was, on the recommenda- 
tion of some of the members of the congress, made 
permanent, taking the name of the International 
Electrotechnical Commission, with Lord Kelvin as 
its first president, followed by Prof. E. Mascart, 
who did not, however, survive to take the office. 
After the death of Mascart, I served the commission 
for the prescribed period of the presidency, and a 
permanent secretary, C. LeMaistre, was chosen. 
Much valuable work in unification and standardiza- 
tion has been carried out by this body, the work of 
which has continued since that time. 

I need hardly say anything to emphasize the valu- 
able work done by the American Institute of Elec- 
trical Engineers, as the leading body of electricians 
and engineers in the United States, during the past 
50 years, and which led to the establishment of the 
Engineering Societies Building at 39 West 39th 


Street, New York City. The organization now in- 
cludes a membership of more than 15,000. I need 
not call the attention of the members of the Institute 
to the several affiliated bodies having charge of 
awards: The Engineering Foundation, established 
by an original gift of $500,000 by Dr. Ambrose 
Swasey, The American Standards Association, The 
American Engineering Council, The International 
Electrotechnical Commission, and many others. 

This personal review has naturally been limited to 
accomplishments growing out of the work of but few 
persons, and it must be understood that similar 
histories could be provided by the leaders in the 
many other organizations of similar character 
throughout our country, as well as the world. The 
attempt has been to produce a record which can be 
referred to by the younger men who devote them- 
selves to electrical applications and enterprises, such 
as have been the work of the past. 

It is natural that numerous technical, or partly 
technical, papers would have been communicated 
by our profession of electrical engineering to the so- 
cieties over so long a period as a half-century. The 
proceedings of the American Institute of Electrical 
Engineers contain a most valuable record of the 
progress in the electric art, and the discussions held 
at its meetings and embodied in its records have had a 
profound influence in emphasizing the important 
steps in the development that has taken place. 
Can we doubt that this record will be continued in the 
next half-century? 
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This station was placed in operation in 1892 and shut down in 1902. 


(4) 1,000-volt 2,000-light, (10) 4,000-volt 80-light, (5) 500-volt 100-kw d-c, and (3) 500-volt 500-kw d-c generators; 
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Interior of the Hoboken Station of the Hudson Electric Light Company in 1897 


Public Service Photo 


The machines in service, most of which can be seen, were Thomson-Houston 


a Brush 125-light arc 


machine; and 2 Edison exciters 
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Typical Electric Motors 


In addition to the electric motors shown on this page, other 
rotating equipment is shown on pages 754-5 and 756-7 


One of the first polyphase induction motors to 6 
placed in commercial use—a 5-hp, 110-volt, 5C 
cycle machine installed in 1893 and operated unt 
June 1925 (General Electric phot 


(Above) Said to be the ‘‘progenitor”’ 
of the present d-c railway motor this 1891 
motor embodied the slotted armature, 
symmetrical 4-pole field, single reduction 
gear, and ironclad construction now uni- 
versal Westinghouse photo) 


(Right) The Bastet magnetic engine built 
in 1874, one of the earliest known motors 


produced commercially 
(National Carbon Co. photo) 


An early Van Depoele electric railwa 
motor—equipped with 2 sets of metal brushe: 
one for each direction of rotation. Th 
levers for controlling these brushes may b 
noted (National Carbon Co. phot 


Tesla induction motors—the one on,,the right, 
with a 3-in. rotor, being a 14-hp. machine. 
The fan blades are indicative of one of the first 


widespread applications of induction motors 
(Westinghouse photo 


A modern 6,000-hp induction motor built for 


steel mill service 
(Photo courtesy Allis-Chalmers Co. and National Carbon Co.) 
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Early 


Electrical 
Instruments 


(Above) An a-c watthour meter 
built in 1892 utilizing a single 
se disk for both driving and damping 


(Duncan Electric Mfg. Co. photo) 


(Left above) Original Gutmann 
watthour meter with a cylindrical 
armature, built in 1899 


(Sangamo Elec. Co. photo) 


(Right) Testing the insulation 
resistance of a trunk line tele- 
phone cable with a ‘‘megger’’ 
(1914). The test man is E. C. 
Barrett (A’27) now general plant 
supervisor of the Chesapeake and 
Potomac Telephone Company of 


Baltimore City 
(James G. Biddle Co. photo) 


(Above and right) Switchboard 


voltmeter and ammeter used on 


a-c systems about 1893 4 meee faa, iy —, 
Westinghouse photo) : a i : \ Bp 


(Below) Cardew hot wire volt- 
meter. These odd looking instru- 
ments, the first type used for al- 
ternating current, depended upon 
the expansion of 6 ft of resistance 
wire as a measure of current, and 
hence voltage; they had a large 
current consumption (!/2 amp), 
were slow in response, and incon- 


venient in form 
(Westinghouse photo) 


(Above) An early type of in- 
dicating instrument (1895) 


(General Electric photo) 
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The Evolution of Electrical Engineering 
By Dugald C. Jackson, President A.I.E.E. 1910-11 


HE YEAR 1884 was 

significant and auspi- 

cious for the American 
Institute of Electrical Engi- 
neers. In that year the In- 
stitute was founded. Also, 
in that year it demonstrated 
the codperative spirit pos- 
sessed in the field of elec- 
trical engineering, a spirit 
which the Institute has 
maintained untarnished. 
As a consequence of a cir- 
cular letter issued in April 
1884, followed by a pre- 
liminary organization meet- 
ing April 15 and an election 
of officers on May 13, all in 
New York City, the first 
formal meeting of the A.I.E.E. for 
presentation of papers was held at 
Philadelphia on October 7 and 8 as 
guest of the then already 60-year-old 
and distinguished Franklin Institute. 
The Franklin Institute provided rooms 
for headquarters and meetings of the 
A.I.E.E. which were in association with 
the International Electrical Exhibition 
then being held. . 

That exhibition opened September 2 _ 
and continued until October 11. It aN 
served as inspiration and stimulus for 
an electrical conference of some official weight as 
well as for the A.I.E.E. meeting of October 7 and 8. 
I then was an undergraduate in civil engineering 
at Pennsylvania State College and spent the sum- 
mer vacation of 1884 as assistant to William Stanley 
at Pittsburgh with very little compensation, but 
with the understanding that I should be sent (with 
expenses paid) to the Electrical Exhibition in the 
autumn as an employee of the Stanley Exhibit. 
Stanley was the central figure in the then new 
electric light department of the Union Switch and 
Signal Company which department later became 
the Westinghouse Electric Company. George West- 
inghouse, then 38 years of age and already of inter- 
national distinction through railroad air brake and 
other inventions, was the leading spirit in both these 
companies. He was awarded the Edison Medal by 
the A.I.E.E. in 1911 for his “connection with the 
development of the alternating current system of 
electric light and power.’’ He was the third of the 
great series of Edison Medalists. 


INTERNATIONAL ELECTRICAL EXHIBITION OF 1884 
The electrical exhibition and the ‘‘conference of 


electricians’ brought together a group of men whom 
we now see as the fathers of electrical engineering. 


770 


Many colorful personal reminiscences of 
the exhibit and personalities involved in 
the 1884 International Electrical Exhibition 
and related ‘Conference of Electricians” 
are given here by Professor Jackson. 
With this background as an indication of the 
state of electrical engineering education 
in 1884, the author outlines its rapid de- 
velopment, emphasizes the strength im- 
parted to it through its early and con- 
tinued close association with the funda- 
mental sciences, and, looking to the future, 
sounds something of a challenge to the 
modern era and modern attitude. 
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These men were mosti 
Americans who were fron 
5 to 20 years older than 
was. They impressed m 
more youthful imaginatioy 
with their finished accom 
plishments and maturity 
A half dozen years dis 
parity in age, when the ob 
server is a youthful under 
graduate in a fresh wate 
college, magnifies like « 
convex lens as one look 
objectively at maturity 
My tastes were toward th 
lighting and power aspect: 
of the infant electrical in 
dustries. Consequently 
my attraction was towar 
such as Edison, Thomson, Weston 
Brush, Sprague, Van Depoele, anc 
Stanley. Readers may need an ex 
planation of the absence of a numbe 
of other names. The causes are mani 
fold. For example, my tastes did no 
lead me to explore exactingly the 
exhibits in telegraphy and telephony 
Also, for example, Tesla at the age o 
27 had only arrived in the Unitec 
States; Lamme was a freshman ir 
college; W. L. R. Emmett had re 
signed from the Navy, but had no 
yet entered engineering; Steinmetz, 19 years of age 
in 1884, did not come to America until 1889; anc 
so on. I do not remember that E. A. Sperry hac 
an exhibit at the exhibition. If he did, it was my 
misfortune not to meet him at that time. 

The purposes of this paper do not admit of genera 
reminiscences of that exhibition or its exhibitors anc 
comments on the large number of exhibits must be 
omitted; but comments regarding certain of the 
leading men and their exhibits are of service here for 
showing the then state of electrical engineering 
education. 

William Stanley (Edison Medalist in 1912) was 
26 years old in 1884. He was co-inventor of in 
candescent lamps made of carbonized silk thread: 
which had been soaked in a sugar solution anc 
baked. He was an active experimenter in the con. 
struction of dynamos and one who was deeply imbuec 
with Ayrton’s view that a generator and a moto: 
should have contrasting electromagnetic qualities 
but his experiments did not seem to support the 
view, which gave us some food for thought. It wa: 
a year or more later that Mordey published his brie 
communication pointing out that the electromagnetic 
structure for the best direct-current motor is thy 
same as that for the best direct-current generator 
which perhaps should have been recognized earlie 
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from the already known reversibility of the machines. 
Stanley’s distinguished career as an inventor in the 
alternating current field was started with the sup- 
port of Mr. Westinghouse in the years immediately 
succeeding 1884. 

I became acquainted with O. B. Shallenberger, 
perhaps through Frank J. Sprague. Shallenberger, 
who was 5 years my senior in age, had completed 
his studies at the United States Naval Academy and 
had made up his mind, following the example of 
Sprague, to leave the Navy and join the ranks 
of the electrical industries. We spent many hours 
together, when I was off duty, hanging over the 
railings surrounding the various exhibits and discuss- 
ing our ignorance of their qualities. He introduced 
me to Lieutenant Bradley A. Fiske, then a Naval 
Lieutenant, writer of books on electricity and mag- 
netism, teacher of electricity and magnetism at the 
Naval Academy, and in Philadelphia as a member of 
the ‘‘conference of electricians,’ but later a rear- 
admiral distinguished for the invention of nu- 
merous electrical and other devices of value in the 
Navy. 

In return, I introduced Shallenberger to Stanley, 
who was seeking an assistant, as I was returning to 
college after the close of the Exhibition. Shallen- 
berger fittingly became a leading factor in the tech- 
nical work of the Westinghouse Electric Company 
until his death in 1898 cut off his career of research 
and invention. 

Sprague (President of the A.I.E.E. in 1892-93, 
Edison Medalist in 1910) exhibited several of his 
inventions and frequently was a personal attendant 
at his exhibit where he extolled with emphasis and 
fascinating enthusiasm his self-regulating, constant- 
speed, direct-current motor, in which the con- 
stancy of speed as the load varied was secured by a 
differential series winding on the field magnet. 
It was in this year that the Sprague Electric Railway 
and Motor Company was established and Sprague 
at the age of 27 was fully launched on his great 
career of invention and promotion in the electric 
traction and associated fields. Electrical Engineer- 
ing owes a deep debt to the American Navy for hav- 
ing relinquished Sprague from its service, so that he 
could carry on in our field. 

Thomas A. Edison’s personal exhibit, in charge 
of Wm. J. Hammer, commanded deep attention 
because of its manifestation of the origins and 
development of those many detailed devices relating 
to the distribution and control of electricity which 
contributed a large part to the success of Edison’s 
pioneer constant voltage system for the distribution 
of electric power. Many other devices also were 
shown. Notable among these was the 3-terminal 
bulb which exhibited the fundamental effect (then 
dubbed ‘‘Edison effect’’) of our now much used 3- 
terminal vacuum tubes, but which Edison did not 
follow up, apparently because of his absorption in 
his other developments. His personal exhibit was 
not the only one disclosing the results of Edison’s 
work, for several of the manufacturing companies 
established for promoting the use of his inventions 
in the electric lighting art exhibited a striking array 
of underground tubes, incandescent lamps, and elec- 
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tric machines. The Edison “Jumbo” dynamo of, 
according to our present ideas of rating, about 100 
kilowatts capacity (direct connected to a “high 
speed” steam engine) was the generator of largest 
capacity in the exhibition. I several times caught 
myself hanging over the rail in front of the machine 
and speculating on why its field cores were made so 
long and thin, with several in parallel joining be- 
tween the yoke and each pole piece. It was told 
that a large magnetic moment was needed for the 
field magnets and that this was an economical con- 
struction for securing that result. The reason 
sounded pat, but was not convincing when one com- 
pared the jumbo machine with the excellence of op- 
eration and compactness of design of the Weston 
dynamos nearby. I did not then know that Dr. 
John Hopkinson already had stated the desirability 
in electromagnetic machines of short magnetic 
circuits of large cross sections. However, the great- 
ness of Edison’s contributions to the development of 
electrical engineering was already established at 
even that early date. 

Edward Weston (President of A.I.E.E. in 1888-89, 
A.I.E.E. Lamme Medalist in 1932) and the United 
States Electric Lighting Company had dynamos and 
lighting facilities on exhibit that were unrivalled 
in the combination of rational character of design 
and excellence of workmanship. This was before 
Dr. Weston set out on his productive career as de- 
signer, inventor, and manufacturer of refined portable 
electrical measuring instruments, followed by equally 
refined switchboard instruments; but his dynamos 
manifested the same clearness of structural lines 
that have always characterized the construction of the 
Weston instruments. The magnetic circuits of the 
dynamos were moderate in length and of large cross 
section, the armature resistances were low and the 
resistances of the shunt field windings were notably 
high. The qualities of these Weston dynamos of 
1884 prepared me to accept unreservedly the state- 
ment made by Dr. Weston at a conference at the 
World’s Fair at Chicago in 1893 that he used a 
definite empirical formula in designing the field 
magnets of his machines for some years before Gis- 
bert Kapp made known his empirical formula for the 
magnetic circuit and Dr. John Hopkinson published 
his notable analysis of the magnetic circuit accom- 
panied by the rational formula. 

The exhibit of the Brush Electric Company left no 
very vivid impression on me. It undertook to 
portray the usefulness of electric motors and electric 
lighting in the home and factory as far as such use- 
fulness then existed, in addition to are lighting for 
exterior areas. But the exhibit seemed impersonal 
and lacking in verve, probably because it lacked the 
stimulating presence of an enthusiastic inventor, since 
Charles F. Brush (Edison Medalist in 1913) was 
seldom in attendance. 

Of all the exhibits except that of Weston, the one 
maintained by the Thomson-Houston Company of 
which Prof. Elihu Thomson was the leading scientific 
figure and leading inventor, has left on me the 
liveliest memory. It was impressive because of its 
comprehensiveness in display of commercial ap- 
paratus and because of its collection of Professor 
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Thomson’s models and experimental apparatus set 
up with the various devices arranged for demon- 
stration. In the first or commercial aspect it did not 
rival the display of constructions arising from 
Edison’s inventions, but in the second it enjoyed 
the frequent attendance of Professor Thomson 
(President of the A.I.E.E. in 1889-90, Edison 
Medalist in 1909) who was incomparable as a lec- 
turer regarding his operative apparatus and as a 
demonstrator of his scientific experiments. I still 
retain a vivid picture of Thomson, then 31 years of 
age, standing in the midst of a demonstration of 
certain scientific experiments which he was carrying 
on. He always attracted an appreciative gallery on 
account of his enthusiasm. His was a scientifically 
trained mind that commanded: great interest. 

Of Van Depoele my relations at the exhibition in 
1884 were perhaps more personal than with the 
others mentioned. We not infrequently sat together 
at luncheon in a little restaurant. He was more than 
twice my age, but his kindliness of attitude toward 
his junior and his resourceful spirit endeared him to 
me. I remember little regarding Van Depoele’s 
exhibit. He was a man without deep learning in 
science, but his quickness of imagination and his 
facility in empirically adapting knowledge (gained 
in his long experience) to improving defective devices 
or overcoming faulty operation were incomparable. 
The latter qualities made him a great inventor in 
spite of absence of scientific learning. 


THE MEAGRENESS OF ELECTRICAL SCIENCE IN 1884 


Although the magnetic circuit designs (previously 
referred to) of Edison and his associates in 1884 
were faulty even considering the then state of science, 
they were far more rational than those of inventors 
whose erroneous conceptions of the magnetic circuit 
led to many bizarre designs for dynamos that were 
shown at the exhibition, but which I will not here 
describe. Rational scientific efforts in designing 
electrical machines, systems of electrical distribution, 
electric lamps, and electrical instruments were still 
dependent on the individuals in 1884, and had not 
yet become broadly professional practices. The 
meagreness of knowledge of magnetic and electric 
phenomena in 1884 is illustrated further by the 
armature cores (made of cast iron discs) of the Stan- 
ley direct-current dynamos in the exhibit, and also 
by the paper at the Philadelphia meeting of the 
American Institute of Electrical Engineers by 
Prof. C. F. Brackett of Princeton University, en- 
titled “Experimental Method of Testing a Dynamo 
Machine,” and by a lecture on the magnetic circuit 
by Professor Henry A. Rowland of Johns Hopkins 
University. It was Professor Rowland’s series of 
publications begun in 1873 when he was 25 years of 
age and an Instructor in Physics at Rensselaer 
Polytechnic Institute that gave the first experimental 
disclosure of the relations of magnetic permeability 
to magnetizing force in iron and other metals. The 
phenomenon of magnetic hysteresis and its effects 
were not recognized until 1885 when J. A. Ewing, 
now Sir James Ewing of Cambridge (England) but 
then of University College, Dundee, published the 
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paper disclosing his notable experimental work 

A further illustration of the youthfulness of elec- 
trical science in those days may be drawn from the 
provisions adopted to prevent fire hazard from the 
electric circuits in the various exhibits and from the 
circuits used for the general lighting of the exhibitior 
building. E. J. Houston (President of A.I.E.E. ir 
1893-95) was “‘electrician”’ of the exhibition and Car. 
Hering (President of A.I.E.E. in 1900-01) was 
“assistant electrician.’’ Professor Houston was 
chairman of a ‘‘committee for the installation of 
electrical apparatus.” The report of the committee 
on exhibitions of the Franklin Institute submittec 
after this exhibition was over says of the duties o! 
the ‘“‘electrician’’ and the “‘assistant electrician” 
“The circuits [i. e., within the exhibition building anc 
annex] were tested daily for ‘contacts’ or ‘grounds 
by Professor Houston, or by his assistant Mr. Her. 
ing, and all causes of danger removed before the cur- 
rent was permitted in them.” I made my first 
acquaintance with Hering as he daily made his rounds 
with a hand magneto with which he tested the various 
circuits of the exhibits and also the general circuits 
of the Exhibition for “‘grounds.”’ 


DEVELOPMENT OF 
ELECTRICAL ENGINEERING CURRICULA 


The foregoing reminiscences will bring to the 
reader’s imagination the state of electrical engineer. 
ing education in 1884 in a more lively manne! 
than would likely be secured by a bare recitation 0: 
the then state of science in this educational field 
The reminiscences also outline the background for 
a picture showing the vigor and velocity of growtt 
of electrical engineering during the 50 years since 
1884, which background may be used by any one 
who today looks about him to secure the impression: 
from which to paint in the foreground of the picture 
Of the exhibitors named in the preceding pages 
those now dead have left behind legacies of in 
ternationally used conveniences that their discoverie: 
and inventions contribute to our modes of life 
Sprague at 77 years of age, Thomson at 81, and Wes 
ton at 84 still remain to receive the continuec 
plaudits fitting to their great achievements. Thei 
lives measure the span of growth of the expansiv 
and vigorous structure of electrical engineering a 
we now perceive it. That structure still exhibit: 
a vitality and velocity of growth equalling that o 
its preceding years, and this must be part of one’ 
vision when planning electrical engineering educa 
tion. 

The chronological sequence for the development o 
electrical engineering curricula in physics depart 
ments of American universities shows that forma 
education in electrical engineering was well unde 
way by 1890. Obviously, professors of physic 
during the decade beginning with 1880 foun 
their imaginations inflamed by the intriguing possi 
bilities of electromagnetic machines applied to usefu 
purposes. Consequently subjects relating to th 
theory and the applications of electricity and mag 
netism appeared among the emphasized subjects o 
instruction in physics departments of many univer 
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sities. This was the kind of educational environment 
from which many who became distinguished elec- 
trical engineers emerged between 1880 and 1890. 
Such, for illustration, were: John W. Lieb (President 
of the A.J.E.E. in 1904-05, Edison Medalist in 
1923), Stevens Institute of Technology, Class of 
1880; E. W. Rice, Jr. (President of the A.I.E.E. 
in 1917-18, Edison Medalist in 1932) pupil of Pro- 
fessor Elihu Thomson at Central High School, 
Philadelphia, Class of 1880; Chas. L: Edgar, 
Rutgers College, 1882; Chas. F. Scott (President 
of the A.I.E.E. in 1902-03, Edison Medalist in 
1929), Ohio State University 1885; C. C. Chesney 
(President of the A.J.E.E. in 1926-27, Edison 
Medalist in 1922), Pennsylvania State College, 
1885; and so on. 

The natural course of development led to the 
formulation of 4-year curricula in electrical engineer- 
ing more or less correspondent to the curricula at 
that time extant in other branches of engineering, 
but more heavily charged with the temper of physics 
and directed by the physics professors. The first 
such course was proposed and organized in the au- 
tumn of 1882 by Prof. Charles R. Cross, Head of the 
Department of Physics in the Massachusetts In- 
stitute of Technology. A similar proposal was made 
and a course organized a few months later, and ap- 
parently quite independently of Professor Cross’s 
proposal, by Prof. Wm. A. Anthony, Head of the De- 
partment of Physics at Cornell University. -Gradu- 
ates from each of these pioneer courses in electrical 
engineering secured bachelor’s degrees in 1885. 
It obviously would be undesirable to make here a 
résumé of the origin and development of all the more 
than 150 formal electrical engineering courses now 
in being in the United States, or even of all of the 
more notable ones. Each of those to which I later 
refer is chosen for some historical or geographical 
reason. I beg that no alumnus may feel offended 


in case his Alma Mater is not referred to in my further 
list of those commented on. 

A tidal wave in the formal establishment of elec- 
trical engineering curricula in the universities and 
colleges, mostly associated with departments of 
physics, flowed in 1887. It affected the country at 
large, as is witnessed by Pennsylvania State College, 
Case School of Applied Science, Purdue University, 
University of Minnesota, University of Kansas. 
During the succeeding 5 years many additional 
curricula associated with physics departments were 
established from the East to the West. Another 
turn came in 1891 when the University of Wisconsin 
proposed to establish an electrical engineering cur- 
riculum. At that time I was consulted on the ques- 
tion of whether it would be better to place the 
curriculum under the administration of the physics 
department or to establish a definite department 
of electrical engineering and make it coérdinate with 
departments of civil engineering and mechanical 
engineering. At the same time I was invited to 
leave my employment with the Edison General Elec- 


mating and construction and to occupy the first 
professorship of electrical engineering in that Uni- 
versity. On the ground that the content is en- 
gineering (i. e., applied science, or perhaps it is 
better to express it as science and its applications) 
rather than purely science, my advice was to es- 
tablish the department of electrical engineering 
coordinate with the other departments of engineering. 
This view was adopted and I believe that to be the 
first department of electrical engineering to be ini- 


E Company in active engineering planning, est’- 
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| tially so established. The view has proved to be 
| valid and nearly all electrical engineering curricula 


jin the colleges and universities of this country are 
jnow related to definite departments of electrical 
‘engineering. 

That the view had begun to receive recognition 
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A Group of Past-Presidents in Attendance at the Chicago Convention, June 29, 1911 


Those in the group (with 
periods of presidency indi- 
cated in parentheses) are as 
follows: back row, left to 
right: Gano Dunn (1911-12), 
Dugald C. Jackson (1910- 


11), Louis A. Ferguson 
(1908-09), Schuyler  S. 
Wheeler(1905-06), John W. 


Lieb (1904-05), and Bion J. 
Arnold (1903-04); front 
row, left to right: Francis B 
Crocker (1897-98), T. Com- 
merford Martin (1887-88), 
Frank J. Sprague (1892-93), 
and Charles P. Steinmetz 
(1901-02). Of the 10 past- 
presidents in the group, 5 
still are living and 3 have 
contributed articles to this 
anniversary issue 
(Photo courtesy Past-President Sprague) 
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before 1891 is shown by the fact that the administra- 
tion of the course in electrical engineering at Cornell 
University had been transferred from the physics 
department to Sibley College of Engineering before 
1890, but it was several years later before such trans- 
fers became general. The oldest of the pioneer 
courses in electrical engineering was retained in the 
physics department at the Massachusetts Institute 
of Technology until 1902 when a department of elec- 
trical engineering was established and Louis Duncan 
(President of the A.I.E.E. in 1895-97) was appointed 
professor of electrical engineering and placed in 
charge of the department. 

The number of men of influence in electrical en- 
gineering industry who are alumni of educational 
institutions in which they pursued undergraduate 
electrical engineering courses maintained by definite 
departments of electrical engineering aggregates 
many thousands; and their service to the nation 
through their contributions of means which provide 
convenience in life to populations numbered by tens 
of millions is beyond calculation. Manifestly, the 
electrical engineering departments, established in 
the engineering schools as coérdinates with the de- 
partments dealing individually with the other and 
older major branches of engineering, have produced 
an influence, as departments, that is vastly greater 
than the effect produced solely on their individual 
pupils, large though the latter is. However, we 
owe a debt to the physicists. The remarkably large 
influence on American engineering industries that 
has been exerted by electrical engineering I believe 
arises partially from the early relations from which 
we have profited. Our modes of thought, our units 
of measurement, even our processes of education 
sprang from the science of physics (fortified by 
mathematics) and from physicists. The precise 
measurements and controlled experiments intro- 
duced into our field from the field of physics gave a 
tremendous impetus to rational and accurate en- 
gineering calculations and also left a scientific 
impress on electrical engineering teaching. As a 
consequence, our educational processes and our en- 
gineering practice possess a notably large portion of 
rational application of the underlying science. 
In this respect we are paralleled by the later de- 
veloped branches of chemical engineéring and 
aeronautical engineering. Civil engineering, min- 
ing engineering, and mechanical engineering, as the 
older major branches, arising (as they did) before 
the sciences were adequately expanded to provide 
a rational foundation for engineering practice, still 
maintain a large proportion of empiricism in their 
college curricula. I am of the opinion that the 
civil engineering and mechanical engineering fields 
would be benefited were the engineering schools to 
rigorously prune the curricula in those branches 
and then inject into them a more rigorous and 
scientific aspect. 


A.I.E.E anp ELECTRICAL ENGINEERING EDUCATION 
Organized, as it was, at a date when the science 


underlying electrical engineering was expanding 
rapidly, one might assume that the American In- 
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stitute of Electrical Engineers would lend its eas 
and its voice to the problems of electrical engineering 
education. Its first group of officers, among € 
vice-presidents, included one whose principal occu 
pation was in education and also included 2 sucl 
among 12 managers. One vice-president (Alexander 
Graham Bell) and one manager (Elisha Gray) ir 
this group also had previously been teachers, but 
they had been drawn away from that occupation by 
the fascinations of full time spent in discovery anc 
invention. A similar proportion of men with thei 
principal occupation in education was maintainec 
among the elected officers for some years. Likewis« 
the sixth president was drawn from education, anc 
this example has been followed many times in the 
succeeding years. Nevertheless, it was 8 year: 
after the first meeting (namely, in 1892) that the 
Institute listened to a paper definitely directed tc 
electrical engineering education. Indeed, there were 
then 2 papers presented at the same session—on¢ 
prepared by R. B. Owens, professor of electrica 
engineering at the University of Nebraska, and the 
other by myself, then located at the University o: 
Wisconsin. Ralph W. Pope, then secretary of the 
Institute, was dubious about the interest that coulc 
be aroused for such papers, but their presentatior 
was followed by an animated and well couched dis 
cussion which would occupy as much space as the 
papers themselves if printed in the same type. 

The ice was broken and the problems of forma 
education for electrical engineers have since come inte 
our proceedings again and again. Ten years late: 
(in 1902) President Steinmetz built the theme of hi: 
presidential address at the Great Barrington meetin; 
largely on electrical engineering education; anc 
four papers concerning the subject were presentec 
by competent men at the same meeting. A copiou 
discussion was aroused. 


THE CHARACTER AND TESTING 
OF ELECTRICAL ENGINEERING EDUCATION 


The following year (1903) the Institute held ; 
joint meeting with the Society for the Promotion o 
Engineering Education, with the result that | 
papers came into the TRANSACTIONS along witl 
considerable discussion. At this meeting I agait 
appeared with a paper on electrical engineerin; 
education expressing opinions gained by 12 year 
of experience at the University of Wisconsin wher 
I was having a grand time linking mathematica 
physics and experimental investigation of a rigorou 
character with electrical engineering education, rec 
ognizing that only by personal experience in grap 
pling with the unknown can students truly gai 
knowledge and learn its significance in self-relian 
use. In that paper I expressed a wish to be delivere 
from judgment upon the success of my efforts unles 
such judgment was guided by the attainment 
reached by my students in a decade to a quarter of | 
century succeeding graduation from their electrica 
engineering college course. C. F. Scott (then presi 
dent of the Institute) expressed some doubt regardin 
the propriety of such delay in reaching final cor 
clusions about the individual men. He has sinc 
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that time become a professor of consequence and a 
Lamme Medalist of the Society for the Promotion 
of Engineering Education. I infer that as a con- 
sequence of his later experience he now does not 
disagree with my view, while both of us duly recog- 
nize that delay in reaching final conclusions regard- 
ing educational efforts should not connote absence of 
constant scrutiny and comparison of processes that 
are associated with efforts at pedagogical improve- 
ment year by year. Testing the product of engineer- 
ing education immediately (as one would a dynamo 
before it leaves the shop door) is serviceable to guide 
improvements, but is not significant for showing 
final results. This is because the results in each 
individual of proper professional education grow 
richer and more desirable by aging, whereas the 
results of mediocre types of such education are less 
influenced by the aging process. 

Fifteen years of observation and experience at the 
University of Wisconsin convinced me that making 
research an integral part of electrical engineering 
education is of primary value. I therefore took this 
tenet as a primary one upon going to the electrical 
engineering department at M.1.T. in 1907, and it has 
been there maintained with increased emphasis to 
the present time. At various times heretofore I 
have expressed the argument regarding this and 
need not repeat it here.* Continued observation 
and experience unqualifiedly confirm the correctness 
of the method. 


IMPORTANCE OF A.I.E.E. COMMITTEE ON EDUCATION 


For a further period of years after 1903, papers on 
electrical engineering education frequently entered 
the proceedings of the A.I.E.E., and the activity 
was all serviceable and suggestive. Of recent years, 
however, the activity apparently has lulled. Some 
excellent papers have been produced, but they have 
elicited little comment compared with their value. 
Why is this? I will endeavor to give an answer to 
this query; but first I will state unconditionally that 
the American Institute of Electrical Engineers 
has excellently proved its continuing official interest 
in electrical engineering education in various ways, 
the most notable of which are its codperation with 
the board of investigation and codrdination set up 
by the Society for the Promotion of Engineering 
Education to study both the pedagogical and the 
human needs of engineering education, and its sup- 
port of the program proposed by the Engineers’ 
Council for Professional Development. It is to be 
earnestly hoped that this attitude will be main- 
tained, since the continued high standing of electrical 
engineering depends partially on this codperation 
in education. The student conventions and prizes 
for student papers also must be recognized as an 
important element in educational codperation by the 
Institute in addition to the maintenance of Student 
Branches, and likewise must be so recognized the 
prize presentation of papers by younger members 
now being fostered in several Section areas. 


* For example, see THE FUNCTION OF RESEARCH IN ENGINEERING EDUCATION, 
an address before the Society for the Promotion of Engineering Education, June 
1931, published in Science, Aug. 21, 1931, Vol. 74, pp. 183-187, and in Journal 
of Engineering Education, Jan. 1932, Vol. XXII, pp. 348-355. 
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Now to reply to the query of the preceding para- 
graph: The answer, it seems to me, is to the effect 
that a large proportion of our members forget that 
the Institute (including themselves individually) 
has a responsibility for maintaining the high level of 
intelligence and character in the electrical engineer- 
ing field, and they also forget that mutual considera- 
tion and analysis of the problems of electrical engi- 
neering education are potent means toward securing 
the desired end. Therefore they are not impelled 
into discussions of papers on education. We have 
an admirable attitude in the concrete matter of 
encouragement for students, but take less interest 
in the pedagogical structure of electrical engineering 
education. 

The board of investigation and coérdination ap- 
pointed by the Society for the Promotion of Engineer- 
ing Education carried out its duties in the spirit of 
rigorous inquiry, as far as the yet rather undeveloped 
science of pedagogy admits of rigor, and its reports 
give data and carefully drawn opinions and (where 
the data are competent to support conclusions) 
statements of conclusions. It is this character 
which has given their wide influence to the reports 
of this board. Likewise, the expectation that the 
Engineers’ Council for Professional Development 
will follow the scientist’s route of investigating 
conditions before arriving at conclusions, and ex- 
pressing the latter only where conclusions are war- 
ranted by the data, is a feature that supports the 
confidence which is expressed in that representative 
organization. 

A corresponding attitude assumed by the A.I.E.E. 
committee on education might reéstablish the former 
interest of the individual Institute members in its 
subject. This is a technical committee of the 
A.I.E.E. and, in addition to its duty of arranging for 
the presentation and discussion of papers before the 
Institute, it is commanded by the by-laws to present 
an annual report at the summer convention which 
shall include ‘‘a brief résumé of the progress of the 
art in the particular field’ within the scope of the 
committee, in order that these reports (among 
others) ‘‘may become recognized as authoritative 
sources of information on the history of electrical 
engineering development.’ There is a real oppor- 
tunity here for this committee, which would raise it 
from the conventional level of solely a seeker after 
papers for the Transactions to the level of a 
stimulator and producer of acclaimed papers of 
creative type. Effectiveness in the suggested field 
would call for some degree of codperation with certain 
committees of the Engineering Foundation, the 
Engineers’ Council for Professional Development, the 
Society for the Promotion of Engineering Education, 
and perhaps of other organizations, in order that the 
annual reports on the progress of the art of electrical 
engineering education should be of significant service. 

My suggestion may involve work which no com- 
mittee will undertake in the field, but the “educa- 
tional series’? now in course of publication in ELEc- 
TRICAL ENGINEERING under the sponsorship of the 
committee provides a grand background for the pro- 
duction of influential annual reports. The con- 
ventional status heretofore sometimes voluntarily 
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assumed by the committee prevents it at such times 
from giving effective service to the Institute in the 
field of electrical engineering education. The 
teachers themselves are not faultless. Much that is 
put forward as appropriate for educational processes 
analyzes into poorly marshalled personal opinions 
with insufficient backing of exact observation or | 
analyzed experience. The reports suggested for) 
our committee on education would produce a stimu- 
lus for the teachers to do closer thinking regarding 
education in the broad, and regarding the content 
that should make up an electrical engineering curricu- 
lum as well as regarding the processes of teaching 
the curriculum subjects. One of our difficulties in the 
engineering schools lies in the fact that it is commonly 
forgotten that the teachers, as a rule, must not be 
cloistered men, and that men needed for leadership 
in engineering education are ones who are practiced 
and, if possible, great in two professions—the pro- 
fession of engineering and the profession of teaching. 
We do not always make suitable provisions in the 
way of ultimate available salary and freedom in the 
choice of work to secure such men, on whom we 
might rely for clear thinking at all times. 


; 


; 


pone nrnin ee 


— 


A RESPONSIBILITY OF THE ENGINEERING SCHOOLS 


Within the engineering schools, we have the prob- 
lem of securing well founded and thoughtful criti- 
cisms of our practices associated with suggestions 
for improvement. Many of the individual sug- 
gestions that we receive are founded specifically on 
some one’s memory of his own undergraduate days, 
and exhibit no conception of changes of curriculum 
and procedure that have occurred in the intervening 
interval. Efforts at improvement founded on such 
proposals are not scientific and usually are untenable. 
We have many articles of reform to be considered, 
but none should be irrevocably acted upon until 
conclusions can be reached as a consequence of 
sound reasoning on the data of controlled experiment, 
or of cautiously formulated deductive reasoning 
when data cannot be secured. 

For example, the question of length of curriculum 
required to produce the best aggregate results is 
again to the fore. The proponents of a 5-year or 
6-year formal curriculum argue staunchly for their 
own favorite idea, using a priori reasoning supported 
- on often repeated grounds of an inconclusive nature. 
As far as I know, they have not gathered data cap- 
able of indicating whether or not a larger proportion 
of graduates who have pursued the longer formal 
curricula have come to distinction than of graduates 
who have pursued curricula of the usual 4 years’ 
length, which data (if practicable to accumulate) 
might have some conclusive weight when fairly inter- 
preted. Nor have they gathered corresponding data 
capable of indicating the proportional achievements 
of graduates who have followed the longer formal 
curricula compared with graduates who have pur- 
sued usual 4-year curricula followed by one or 
more years of rigorous graduate professional study 
in each individual’s chosen branch of engineering. 
My own observation leads me to a tentative conclu- 
sion that the longer formal curricula have not pro- 


\776 


i 
| 


| 


50th ANNIVERSARY NUMBER 


duced a larger proportion of eminent men or a larger 
proportion of happy men, but that such men prob- 
ably arise in larger proportion from rigorous gradu- 
te study of highly advanced professional type which 
is of the students own choosing, when the longer 
period of study is embraced. If this inference is 
correct, then the formal longer college curriculum 
ought not to be made the general basis of electrical 
engineering education, but nevertheless it might 
become recognized as a desirable variant to main- 
tain in a few instances. Those engineering schools 
which espouse the longer formal curriculum there- 
fore may be encouraged to continue in their chosen 
path for the present while they gather data that may 
_be marshalled in form to show the comparative 
‘results. In the meantime those of us who have to 
do by preference with 4-year undergraduate curricula 
where proper freedom is permitted in student selec- 
tion (and in some instances also direct rigorous 
rofessional graduate study) will continue to welcome 
nospitably into the proper place in our undergraduate 
ork those students who have chosen from their 
wn incentive to secure previously a degree in arts, 
rovided mathematical and physical science pro- 
ides the main feature of the bachelor of arts course. 
A voluntary choice in the ordering of his own educa- 
‘ion is usually an indication of good intellectual fiber 
na student, but a slavish following after fashion or 
abit in education usually indicates the opposite. 

Another internal problem which now agitates the 

engineering schools relates to the proper integration 
‘of political economy into engineering education 
without sacrifice of any of the excellent qualities 
that have been secured by the integration of science 
into the engineering education. There is much argu- 
ment in the circles of engineering education, but 
little outcome as yet that is definite. There is not 
opportunity in this article to discuss this feature 
adequately. I have briefly expressed my opinion ina 
recent vice-presidential address for the American 
Association for the Advancement of Science,* 
and elsewhere have treated the matter more fully. 
The matter is of great importance to electrical en- 
gineering education, and the determination of its 
correct treatment is a problem lying before us. 

These 2 examples are sufficient to indicate that the 
great problems in electrical engineering education 
are not yet all solved. There are many important 
unsolved ones besides the 2 mentioned as examples. 
To solve some of them with an ultimate solution, we 
must know more fully from whence spring the pe- 
culiar advantages of engineering education, and this 
obviously will require further intensive investigation. 
Thus the pedagogical aspects, the science aspects, and 
the engineering-economics aspects of electrical engi- 
neering education possess jointly the absorbing 
fascination of a great field for exploration and experi- 
ment, as well as an important occupation in day-to- 
day practice. Solving the problems of electrical 
engineering education is a responsibility of the en- 
gineering schools but the American Institute of 
Electrical Engineers has its own responsibility for 
codperating in manners heretofore stated. 


H 


* For example, see THE ORIGINS OF ENGINEBRING, Science, Dec. 29, 1933, Vol. 
78, pp. 589-596, cf. particularly p. 595. 


ELECTRICAL ENGINEERING 


The Engineer a Creator of Leisure 
By William McClellan, President A.I.E.E. 1921-22 


HIS YEAR we are cele- 

brating the fiftieth anni- 

versary of the American 
Institute of Electrical En- 
gineers. This 50 years con- 
cludes the real development 
period of what we now call 
electrical engineering. As 
I look back over this period 
it seems clear, although we 
didn’t know it then, that 
we were at the beginning of 
a new deal. Faraday, our 
patron saint, gave us electromagnetic 
induction in the ’30’s; but his source of 
electrical energy, and that of every one 
else for years after, was the primary 
battery. That was all that Morse had 
for the telegraph. Magneto-electric 
sources were used by the telephone and, 
on a larger scale, for lighthouse lamps 
and some other purposes. 

Faraday had given us the powerful 
electromagnet, with the easy manipu- 
lation of field control, but it was many 
years before the commercial develop- 
ment of the so-called dynamo-electric 
machine started. At that time there were no elec- 
trical engineers. Extraordinary men _ originating 
in the shop, like Swinburne, met great scientists 
like Sir William Thomson, as we knew him then, to 
break new roads on which civilization would travel. 
The Centennial of 1876 at Philadelphia had little 
that was electric, and yet only 8 years later there 
were enough men in electrical engineering to bring 
the Institute into being. I shall attempt no story 
of history here, but refer you to the PROCEEDINGS 
of the Institute, and kindred publications, for it all. 

What a splendid flowering there was. The ra- 
pidity of the development was dazzling. Designs and 
inventions jostled each other, and the life of any 
was marvelously short. The electric lamp and 
motor, with almost myriad forms of auxiliary and 
utilization devices, came on in a bewildering rush. 
Machines grew larger and larger. Apparatus re- 
quiring time for construction was obsolete often 
before it could be installed. Electrical engineers 
themselves marched on to greater and greater suc- 
cesses, and made it possible for brother engineers in 
other fields to go on to similar great achievements. 
Yes, it was a new deal, and everybody, from the 
lowest to the highest, reaped enormous benefits 
of one kind or another. 

Those electrical engineers transformed home and 
street lighting. They replaced the old open-flame 
flickering gas lamps, 500 feet apart on the streets, 
with brilliant light units, and were not to be denied 
even when our gas-lighting friends struck back with 
the Welsbach mantel. They gave industry the 
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The Institute, founded at the beginning of 
a ‘‘new deal,”’ now celebrates its 50th 
anniversary in the midst of another new 
deal. What of the engineer's part in to- 
day's new deal? He must go ahead as 
enthusiastically as ever with the creation of 
labor-saving devices and thus with the 
creation of leisure—not loafing, but a lei- 
sure to be filled by satisfying activities. 


electric motor for a million 
uses. Elevator service was 
transformed, and the horse 
car went into limbo. Un- 
derground and all forms of 
rapid transit railways were 
made possible. Power 
transmission and distribu- 
tion systems were devel- 
oped so that convenient 
power was at one’s elbow, 
wherever even the smallest 
group of people gathered. 
They improved and expanded and 
multiplied telephone service until men 
could reach for a telephone as easily 
as they pick up a pencil, and talk to 
each other far apart as easily as face 
to face. Then came radio in its great 
variety. Maxwell said there were elec- 
tromagnetic waves, Hertz showed them 
to us physically, and the electrical 
engineer made them serve us. So 
much in the space available, for the 
activities of the engineer in the old 
deal; but what about the economic 
and social results? 

A year or so ago, in the course of an impromptu pub- 
lic discussion, I made the remark that “‘engineers are 
magnificent creators of unemployment.”’ Of course, 
it was literally true, but that didn’t prevent a host 
from inveighing against it. Naturally unemploy- 
ment did not mean idling. We all had been using it 
for some time to mean ‘“‘no job at customary gainful 
work.” So later on I remade my declaration into 
“engineers are magnificent creators of leisure,” 
and hastened to add that leisure did not mean 
loafing, but an opportunity to do things one wanted 
to do for pleasure or interest and not just to earn a 
living. Anyway, true or not, it seemed to some to 
put the engineer in a bad light, notwithstanding that 
invention and design of labor-saving equipment 
really had created, at least in the past, more jobs 
than they had abolished—millions of electrical 
workers for the thousands of gas-lighting men and 
bell-hangers, millions of jobs for factory workers 
and distributors of a thousand new devices, millions 
of telephone mechanics and operators of all sorts. 
The same kind of results obtained in trolley cars, 
rapid transit systems, and radio; and in other than 
purely electrical fields the same kind of activity is 
found. Statistics are not needed to prove the 
enormous difference in numbers between the livery 
stable men and cab and horse-car drivers, and the 
mechanics, garage workers, chauffeurs, and filling 
station men associated with the automobile. Sta- 
tistics are not needed, but they prove that machines 
such as cranes, ditch diggers, road machines, turret 
lathes, and the like, which apparently threw men 
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out of work, really put more men to work by making 
possible a greater volume of construction. 

No one took up the point that this increased em- 
ployment was unimportant to many individuals 
if they suffered in a variety of ways while waiting for 
the new jobs to materialize and if many of the same 
individuals could not then qualify for the new jobs. 
Of course, this is inevitable. In the onrush of the 
crowd some are bound to be trampled on—some 
crushed to death. Sad as it may be, that is the 
price of progress; and with it all we did create 
leisure—we passed to the 8-hour day. Only a 
word more for the other results flowing to our social 
- well-being. These may be epitomized in a few 
words—leisure, safety, comfort, convenience, and 
better living. 


HAS THE ENGINEER GONE Too FAR? 


Came the depression with all its staggering losses, 
unemployment and human suffering for all types of 
workers. Soon was heard the cry that this en- 
gineer, this creator of leisure, had gone too far. 
Many of his machines ought to be scrapped. It 
would be better if ditches were to be dug with the 
pick and shovel. Millions of homes again were to 
be the scene of homespun activities. It would be 
better if everybody more or less would raise his 
own spinach and potatoes in his own garden. In fact, 
a relatively large group was ready to assert that ma- 
chines, the product of engineering activities, were 
wrecking civilization. 

In the midst of this more or less maudlin discussion, 
at times bordering on asininity, events conspired 
to show that the engineer had some kind of a devil 
in him that just made him persist in his fiendish, 
civilization-wrecking activities. The very unem- 
ployment he had helped to bring about finally got 
him. Thousands of him lost their jobs. Then what 
‘did he do? Well, not being able to do construction 
work, with the help of his machines and with a com- 
pelling impulse not to loaf, he had to turn to working 
out schemes for a thousand labor-saving devices 
which he had not had time to develop in the midst of 
prosperity. A lifetime of engineering activity had 
made me acquainted with many engineers, young 
and old, who had lost their jobs. Almost invariably, 
when I asked these men or their friends: ‘‘What is 
so and so doing?” the answer was: ‘Oh, he’s de- 
veloping ‘this and that.’”’ A little discussion showed 
that “‘this and that’ was a labor-saving device or 
process. 


THE “NEw DEAL”’ 


And so we come to the ‘“‘new deal.’’ The out- 
standing features of it are employment for all and a 
more abundant life for all. Hours are to be shorter 
so as to give everybody work, and individual pay is 
to be higher so as to distribute better the products of 
industry and to create greater purchasing power. 
Offhand this seems all right, but soon questions 
crowd up for answer. The idea seems to be that the 
same production will be accomplished by more 
people and at a greater cost. Won’t prices for 
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everything go up and therefore a man’s “good: 
wages,” that is, his real wages, be less? Can the 
scale of living be maintained as “goods wages’ 
get nearer and nearer to subsistence wages? Ther 
how about all the men in the luxury industries 
and what will be left over in the aggregate for the 
capital goods industries which depend largely upor 
investment? It seems almost evident that this plar 
may reduce unemployment, at least temporarily 
but will not bring about recovery. It will create 
leisure, but will the man’s ‘‘goods wages”’ be sufficient 
to provide not only a desired scale of subsistence, but 
also the wherewithal and the zest to enjoy the leisure 
that is, live the more abundant life? And if we dc 
not insure at least a reasonable return on the rea. 
investment involved in the production, what about 
the millions of people who are not producers but 
depend upon dividends and bond interest for a liv- 
ing? Finally, do not forget that taxes must be 
earned by these workers to provide for the expenses 
of government of all sorts, with its seemingly neces- 
sary millions of employees. Indeed, something 
more is needed than merely shortening hours and 
raising wages. 

In my opinion, if we are to have prosperity, we 
must increase production to the point where there is 
sufficient of every kind of goods to satisfy the needs 
of every one. In addition, we must distribute these 
goods in accordance with the needs of every one. 
This is more easily said than done, but it is abso- 
lutely essential for permanent prosperity, and there- 
fore for recovery. I believe our present total pro- 
duction is inadequate, but every one knows that 
even our present production is very much unbalanced 
among different goods. There is too little of many 
goods and too much of others. 

When I speak of distribution, I do not speak 
of the mechanical means of distribution. Our means 
of transport may be sadly imperfect here and there, 
but that only means inefficiency, not a stoppage or 
prevention of trade. For years we have known that 
capital flows to where it will be paid for, but we are 
just learning that other goods will obey the same law. 
Proper distribution of goods means a proper dis- 
tribution of purchasing power—proper distribution 
of purchasing power among wage earners of al 
kinds, independent workers such as farmers, white 
collar men, entrepreneurs, and capitalists. We 
have set ourselves a Herculean task. We tell our- 
selves in the same breath that recovery cannot 
come on in a hurry on wings of words, but through 
a time consuming and arduous reorganization of our 
ideas and activities. 

How shall the engineer behave in this new deal: 
Like every other man, and especially every othet 
professional man, he has varied responsibilities 
As an engineer he has his specific responsibilities. 
but he is also a citizen and a member of the socia 
community. 


THE ENGINEER’S PART IN THE “NEW DEAL” 
As an engineer, his part is to increase productior 


and the mechanics of distribution. He must gc 
ahead as enthusiastically as ever with the creatior 
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of new machines for this purpose. A labor-saving 
device is a boon to humanity. It enables the worker 
to produce his maximum of both goods and leisure. 
It enables us all to enjoy a more abundant life. 
It gives us time to express our souls in whatever 
way may be most satisfying to us. In all these 
activities the engineer is as necessary to prosperity 
as the moralist who teaches us the objects of living, 
the economist who adjusts the various factors in 
living, and the medical man who keeps our bodies 
and minds capable of living. 

The engineer, however, has to remember that he 
is also a citizen—a social being. He then must 
maintain an intelligent sympathy with those who 
have other responsibilities than his in balancing life. 
He must give more thought to the far-reaching re- 
sults of his specific activities. He offers the world 
the products of his brain and work and he must 
have an understanding of the specific tasks of other 
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professional men and be responsive when they offer 
their products. He must understand that all men 
are created free and equal only in a very narrow 
sense. He will participate in the necessarily great 
process of education through which the human 
family continually must progress before the more 
abundant life can be attained. He will keep in mind 
what a multitude of erroneous ideas must be eradi- 
cated. He will begin to think that “dying in the 
saddle’ is perhaps not the best ideal and that in- 
stead of men dreading the time when they would 
have to retire or be retired, they would be educated 
to look upon the “‘working period”’ of their lives as a 
limited period, the end of which they were looking 
forward to as a time when they could begin to enjoy 
a leisure they had earned—a leisure to be filled by 
satisfying activity of their own choosing. 

This, to my mind, is the only ‘‘new deal’ worth 
while, and the engineer has a glorious part to play init. 


Which Modern Power Systems Grew 
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The Gaulard-Gibbs transformer (left) and patent rights were brought to 
America in 1885 by George Westinghouse who set William Stanley to 
work at Great Barrington, Mass., to develop with his own hands the first 
American transformer (above). The first oil filled transformers (below, left) 
were developed in 1891 for the historic 10-kv line at Pomona, Calif., 
where they were operated 10 in series at each end of the line. 
Stanley’s own 25-kva commerical models of about 1891 is shown below 
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Some High Lights in the 


Evolution of Switchgear 


(Above) The © switcl 
that put Edison's Pear 
Street station, New Yorl 
City, in regular commer 
cial operation at 3 p.m 
on September 4, 1885 
(Consolidated Gas Co. photo 


(Left) Combined dis. 
connecting switch and ex: 
pulsion fuse used before 
the appearance of the oi 
circuit breaker in 190C 
(General Electric photo) 


(Below) A modern com. 
bination unit for primary 
power distribution ne 
works, consisting of totally 
enclosed 1,500-kva 
transformer and switchgeai 
(General Electric photo) 


(Above) A 60-kv oil switch with fiber (Below left) Contacts of 
washtubs used for tanks; this construc- 
tion is typical of many of the earliest 


oil switch installations 
(Pacific Gas and Elec. Co. photo) 


a modern 15-kv oil 
circuit breaker equipped 
with deionizing grids 
and having a rupturing 
capacity of 1,500,000 
kva (Westinghouse photo) 


(Left) Assembly of modern metal-clad oil- 
filled switchgear with 34 vertical-lift breakers 
of 2,500,000-kva interrupting capacity each 
(Westinghouse photo) 


(Right) A modern single-pole unit of a 138-ky 
impulse oil circuit breaker with an interrupting 
capacity of 1,500,000 kva 


(General Electric photo) 
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Research and Engineering 


By Frank B. Jewett, President A.I.E.E. 1922-23 


HE PERIOD of 50 

years which has elapsed 

since the organization 
of the American Institute 
of Electrical Engineers as a 
national society in which 
are associated men _ inter- 
ested in the technical phases 
of electrical engineering, has 
been a very remarkable 
half-century of technical 
advancement. Into _ this 
half-century has been 
crowded a greater amount 
of applied science, with a 
corresponding greater 
amount of collateral social 
change, than can be credited to many 
times the same interval in all preceding 
history. 

More striking, even, than the con- 
crete and tangible evidence of science 
applied to the everyday affairs of life 
in this half-century, is the fact that 
for the first time in human existence 
these advances on a broad front have 
been grounded in research employing 
effectively the powerful tool of the 
scientific method of attack in an or- 
ganized undertaking of material and 
social advancement. 

When one surveys with a critical and discrimi- 
nating eye the vast changes that have taken place 
since the time of the Centennial Exposition it is 
apparent that the application of science has been 
the most potent factor in practically every field. 
The few years which intervened between the Cen- 
tennial Exposition and the time in 1884 when the 
American Institute of Electrical Engineers was 
organized was a period of gestation in which the 
structure of the succeeding 50 years was being 
formed. Since there is no sharp line of demarca- 
tion in an evolutionary process such as that in 
which we have been involved, the year 1884 is as 
good a fiducial mark as any we can select. During 
the 50 years since that date we have witnessed not 
only enormous progress in the engineering arts in 
existence at that time, but, what is more astounding 
still, we have seen a whole galaxy of new arts come 
into being and take their places as major factors in 
our social structure. Many of the things that today 
bulk large in our daily lives and in our political and 
social problems were not even dreamed of at the 
time our Institute was organized. 

Coincident with this startling development of old 
and new engineering arts, and essentially blood 
brothers of those arts, are new materials and new 
processes quite beyond the capacity of man to 
enumerate. In materials alone the new things that 
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Crediting the extent and magnitude of the 
technical advancement of the past half- 
century to engineering as the motivating 
force in the application of the scientific 
knowledge developed through the power- 
ful facilities of the organized and co- 
ordinated research that has been developed 
during the latter part of the half-century 
just closing, Doctor Jewett believes that 
from the present point of view there is no 
reason to expect results any less striking 
during the next 50 years. 
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man, in his understanding of 
and control over the forces 
of science, has produced in 
the past 50 years compare 
very favorably with all that 
man and nature had accom- 
plished previously. 

Of the social and political 
consequences of these revo- 
lutionary changes in the 
physical instruments that 
we employ in our daily voca- 
tions and avocations, 
volumes have been and can 
be written. A brief sum- 
mary like the present is no 
proper place for even an 
enumeration of such things. They 
are matters that will continue to con- 
cern society long after the physical 
developments that gave rise to them 
have ceased to be novel and come to 
be as commonplace as the most ancient 
of man’s undertakings. 

For our present purpose it will be 
sufficient simply to look back over the 
material achievements of the past half- 
century, to confine ourselves to the 
achievements in engineering, to select 
from the wide variety of those achieve- 
ments a few typical examples, and to 
see whether a study of them gives evidence of any 
common motivating force. In our own particular 
sector, electrical communication, electric illumina- 
tion, electric power generation, transmission and 
utilization, and the whole gamut of minor usages 
of electricity, were scarcely more than embryonic 
things in 1884. Essentially all that we now have, 
except some great discoveries like those of Faraday, 
Henry, Kelvin, and their contemporaries, is the 
result of man’s activity in the past 5 decades. 


ENGINEERING THE COMMON FACTOR 


When we turn to other fields of applied science we 
find that in 1884 there was no internal combustion 
engine worthy to be called a tool of marked utility, 
and hence no automotive industry and no airplanes. 
There was no steam turbine and steam, though al- 
ready an enormous source of mechauical power, still 
was generated and employed inefficiently in rela- 
tively small units by machines that were essentially 
kin to the things evolved by Watt. The chemical 
industry, though very ancient in human history, 
was in 1884 still an industry dealing with simple 
processes, largely inorganic in nature and, as com- 
pared with the things of today, with a relatively 
limited list of material. There was then no photo- 
graphic industry that could be measured by any 
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such yardstick as we now employ, and the ceramic 
and paper industries, vast though they had become, 
were still not very far removed from their progenitors 
of an ancient time. Agriculture, the most important 
of all man’s undertakings, was, except for the advent 
of a few labor saving machines, still an art governed 
solely by the transmitted traditions of preceding 
generations, devoid of real understanding of soil 
chemistry or mechanics, of the possibilities of pro- 
ducing new species at will, of disease and insect 
control, and quite unaware of the vast extension of 
markets for perishable products obtainable through 
refrigeration. The number of examples of which 
the foregoing are but samples could be extended 
almost without limit. 

That such astounding changes in so short a period 
as 50 years could have come about in so many diverse 
fields can hardly be attributed to chance. Nor is it 
easy to assume that the things that have happened 
could result merely from a general intellectual 
awakening in which the several parts were un- 
connected. The very magnitude and diversity of 
the results obtained in fields widely separated and 
essentially unrelated bespeak the presence of some- 
thing common to them all. When we come to trace 
back in them the current of their development we 
find that in every case it leads us to a point on the 
periphery of the same spring. That spring is the 
scientific method and scientific technique applied 
through coérdinated and organized research, modi- 
fied in each case merely to fit the peculiar conditions 
of the particular industry involved. 

Viewed in a broad rather than in a narrow sense, 
the application of science in the various examples 
just noted and in all others of a similar kind, is 
engineering. That it may not and frequently does 
not have to do with structures or the operation of 
physical things involving power in the commonly 
accepted sense does not destroy the validity of the 
designation. This being so, the results of an analysis 
of some of the examples may, I think, safely be 
extrapolated to all. 

No better illustration of the power of the scientific 
method and the effectiveness of organized research 
in the solution of engineering problems is to be found 
than in the field of electrical engineering. Nor is 
this surprising when we remember that everything 
of importance concerned with applied electricity had 
its origin in a scientific laboratory. The one possible 
exception to this statement might be the application 
of terrestrial magnetism as an aid to navigation and 
surveying. Here probably the utility of the earth’s 
magnetic field in its effect on a free moving lodestone 
was doubtless an accidental discovery. Even this 
exception, however, is of relatively minor importance. 

When we come to a consideration of what is 
commonly thought of as the field of electrical engi- 
neering we find first a few great fundamental dis- 
coveries resulting from scientific research work on 
which have been pyramided industrial applications 
developed through enlarged application of the same 
methods and techniques which gave rise to the 
original discoveries. In the earlier years of the past 
half-century these developments were carried on 
exclusively by technically trained individuals or 
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small groups of such individuals associated togethe 
to develop some particular field of prospectiv 
utility. As time progressed and it became eviden 
that industries of considerable size based on th 
utilization of electric energy could be developec 
these groups tended to coalesce into larger group 
better equipped with trained personnel and bette 
provided with experimental facilities. Coinciden 
with this evolution was an evolution in the univers! 
ties and technical schools of the processes by whicl 
men were trained in the fundamentals and technique 
of the scientific method. 


COORDINATED RESEARCH IN ELECTRICAL INDUSTRIE: 


By about the beginning of the present century 
matters had progressed so far in the field of electrica 
development that the beginnings of the great indus 
trial research laboratories, as we now know them 
commenced to emerge. This process has continuec 
uninterruptedly until at the present time the founda 
tion stones of every great subdivision of the electrica 
industry are those of a well equipped research labora 
tory. From the rather fortuitous beginnings at thy 
beginning of the century, these laboratories gradu 
ally have assumed the proportions of very consider 
able industrial machines. They are fully equippec 
with all the necessary scientific apparatus tha 
ingenuity can devise or money can buy, staffed witl 
specially trained men of high intellectual capacity 
and organized systematically to attack any probler 
that may arise as a result either of past experience 
or from the imaginative consideration of the new 
knowledge continually poured out from the researct 
laboratories of fundamental science. 

In our present day electrical industrial researc 
laboratories practically nothing of importance hap.- 
pens as a result of pure chance. Likewise, sub. 
stantially nothing of great value happens merely 
through the operation of the so-called inventive 
faculty—that comet of brilliance which by intuitior 
bursts out of hitherto dark places. In these researc 
laboratories every problem that seems worthy o! 
consideration, whether it arises from the experience 
of past practice or from the promise of future values 
in new knowledge, is carefully analyzed and its 
several parts put under attack by specialists. It is 
from their joint, supervised, and directed efforts that 
we derive the proved new material from which the 
design engineers build their new structures. 

From the great research laboratories like those of 
the General Electric Company, Westinghouse Elec: 
tric & Manufacturing Company, and Bell Telephone 
Laboratories, have come during the past 2 or @ 
decades a continuous stream of far reaching im- 
provements in the existing electrical arts, and the 
radically new things that have brought about the 
remarkable expansion in the applications of elec. 
tricity to communication and to generation, distribu- 
tion, and utilization of electric power. Nor do these 
laboratories confine themselves simply to researck 
and development work directly in the field of appliec 
electricity. Every collateral field that involve: 
materials or methods involved in the use of elec. 
tricity has come under attack of the trained scientific 
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staffs which comprise them. If we were to subtract 
from what we now have in the field of electrical engi- 
neering, the knowledge acquired in the research 
laboratories during the past 15 or 20 years, our usage 
of electricity would be incredibly diminished, the 
whole structure of industry changed, employment 
diminished, and the social and economic structure 
materially altered. 

What is true as regards the contributions of 
scientific research in the field of applied electricity 
is similarly true with regard to many other industries 
based on science in which progress has been accom- 
plished through application of the scientific research 
method. 

While the history of electrical engineering during 
the past 50 years presents the picture of a vast 
modern industry that has evolved almost wholly 
out of the work of the research laboratory, and is a 
field in which future progress is entirely dependent 
upon a continuation of this method of attack, a 
similar picture is presented in practically all the 
other great fields of human activity involved with 
science. That the picture presented in the field of 
electrical engineering during the past 50 years is a 
bit more striking than many others is due partly 
to the fact that its entire life is substantially within 
that period, partly to the fact that its very existence 
is rooted in the results of scientific research, and 
partly to the magnitude to which it has attained 
and to the multitude of its ramifications. 


SCIENTIFIC RESEARCH IN OTHER FIELDS 


If we turn now to some of the other fields in which 
scientific research has played the major réle, we find 
a similar picture of evolution and results, but in 
different settings. Take, for example, the whole 
automotive industry, which has been made possible 
by the development and perfection of the internal 
combustion engine. Here again substantially all 
that we now have is the result of scientific research 
work done well within the period of 50 years and 
all based on the results of scientific research, some 
few fundamental principles of which, as in the case 
of electricity, go back before 1884. Here, too,- we 
see the same evolution of small research groups into 
larger units and finally into comprehensive research 
organizations staffed by specially trained men and 
operating as organized units to solve highly tech- 
nical problems, to produce new useful information, 
and to find useful fields of application for the new 
knowledge that comes out of fundamental research 
institutions. Collateral with and closely allied to 
the research work on the automotive machine itself is 
the research work that has been involved in the 
development of liquid fuels, which are the life blood 
of the automotive machines. Were it not for the 
joint results of research activity in the automotive 
field and in the field of fuels, we could have no air- 
plane industry. Without an ability to produce large 
power with small weight from reliable machines, 
flying in heavier-than-air machines would still be 
as much of a dream as it was in the time of Darius 
Green. 

In passing it is interesting to note that this whole 
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field of automotive engineering is a vivid illustration 
of the fact that progress through research in the field 
of electrical engineering is inextricably tied up with 
progress through research in many other fields. If 
we were to subtract from what we now have in the 
field of automotive engineering the results of research 
work in the field of applied electricity, the whole 
automotive industry would collapse. The farther 
we go along the road marked out by scientific re- 
search the more intimate and important do these 
cross connections become. 


CHEMISTRY AND AGRICULTURE 


In the field of the chemical industries the story of 
the past 50 years is substantially similar to that of 
the electrical and automotive industries. Though 
far more ancient than either of these industries and 
with an origin lost in the mists of antiquity, the 
great advances in the chemical industries have come 
during the past 50 years and have been the direct 
result of organized scientific research applied to 
materials and to the processes by which materials 
are created. Not only have the materials and 
processes of inorganic chemistry been amplified 
enormously, but substantially the whole field of 
organic chemistry has been created. When we 
consider the very considerable number of the so- 
called elements and the incredible number of possible 
permutations and combinations of them, it seems 
likely that in the years ahead continuation and 
amplification of the scientific method in the field of 
chemistry is more likely than not to dwarf into 
insignificance the surprising results of our achieve- 
ments during the past half-century. 

Except as regards the application of mechanical 
devices for the purpose of saving labor, we do not 
commonly visualize very clearly the effect of scien- 
tific research during the past 50 years on that most 
ancient of man’s undertakings, agriculture. In no 
single sector, however, have the results of scientific 
research been so extensive or so far reaching in their 
effect on human well being as in the broad field of 
agriculture. During the past 50 years, as a direct 
result of scientific research we have learned more 
about soil chemistry and soil mechanics than man 
ever knew before. By the same means we have 
learned how to produce new species and to adapt old 
species to new environments. Through organized, 
intensive research work in the various fields of the 
botanical and biological sciences we have learned 
how to control plant diseases and plant pests which 
would otherwise at times and in places completely 
destroy many forms of agriculture. The very ad- 
vances that have resulted from research, particularly 
in the field of rapid transportation, have changed the 
whole complexion of the agricultural problem. 
Plant diseases and plant pests, which in an earlier 
age were definitely localized in their point of origin 
because they could not survive the long period in- 
volved in transportation to a distant point, became 
a devastating menace with the advent of rapid 
transportation. That much of agriculture, as we 
know it, has not fallen victim to this menace is 
wholly and solely the result of organized research 
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designed to ferret out the necessary controls, and of 
engineering based on this research that has made 
those controls effective. 

A category of examples similar to the foregoing 
could be extended almost without end. Except, 
however, as multiplicity of numbers gives weight to 
proof, such an extension would add nothing to the 
research picture presented by the progress of the 
past 50 years. In this field the semi-centennial 


milestone of the American Institute of Electrical 
Engineers, which we are this spring unveiling, marks 


not only a notable period in the life of a great insti 
tution concerned with a great group of industries 
but also the end of 5 very notable decades in the lif 
of all industries that are organized on bases of appliec 
science. What pictures looking backward in 198: 
will show, only our children or their children can see 
From our present point of view there is no reason 
however, to believe that these pictures will discloss 
results growing out of industrial research any les: 
striking than those we now see when we look back 
ward over 50) years of progress. 


5 


(Right) Combined 

studio and transmit- 

ter of the original 

KDKA radio station 

which began broad- 

casting November 
2, 1920 


(Westinghouse photo) 


(Below) _ Transmit- 
ting room of a mod- 
ern radio broadcast- 
ing station, WEAF 
at Belmore, Long 
Island (RCA photo) 


One of the transmitting towers 
of the Anglo-French micro-ray 
communication link between 
Lympe, England, and St. Ingle- 
vert, France, a distance of 35 
miles. Operating on a wave 
length of 17.4 cm, this installa- 
tion represents the shortest 
wavelength radio telephony in 
regular commercial exploita- 
tion today and may be con- 
sidered as heralding an era in which the practical 
advantages of privacy, efficiency, and reliability 
of these extremely small wavelengths will be ex- 


ploited to the full 
(International Tel. & Tel. Co. photo) 


(Right) Back of power am- 
plifier of radio station WEAF 


at Belmore, Long Island 
(RCA photo) 
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Some Contrasts in 


Radio 
Equipment 


(This and Facing Page) 


(Left) A 1901 marine radio tele- 


graph set on the S.S. ‘*Philadelphia” 
(RCA photo) 


(Below) Some contrasts in radio transmitting tubes (reproduced in pro- 
portionate sizes): 2 modern 100-kw tubes, each more than 4 ft long; 
transatlantic transmitting tubes of 1927 and 1915 (left below); anda tube 
used to modulate an Alexanderson alternator in radio-telephone tests 


between Pittsfield, Mass., and Schenectady, N. Y., in 1914 (bottom) 
(Am. Tel. & Tel. and General Elec. photos) 


A modern marine radio telegraph installation on the S. S. 
“Gulf Pride’; this consists of a 500-watt intermediate and 


long wave transmitter, and an intermediate wave receiver 
(RCA photo) 


(Above) Early radio telegraph apparatus 


used in transoceanic communication 
(RCA photo) 


(Left) A modern 20-kw short wave trans- 
mitter with crystal control used for present- 


day transoceanic telegraph service 
(RCA photo) 
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Great Names Behind the Institute 


HE TRUTH of the often-repeated statement 
that the history of any organization can be 
traced in the lives of its leaders, is borne out by the 

records of the American Institute of Electrical 
Engineers. The names of the leaders of the A.I.E.E. 
comprise an imposing list, one which any organiza- 
tion would be proud to claim. 

The influence which those prominent in the In- 
stitute have had on society cannot be over-estimated, 
as it is so far-reaching, and extends in an intangible 
way through the lives and acts of many thousand 
individuals. Some conception of the magnitude of 
the influence which these men have had on their 
fellow-beings may be gained from the fact that a sur- 
prisingly large proportion of the Institute’s leaders 
are not only well known within the electrical en- 
gineering profession, but are famous with men in all 
countries throughout the world. 

On this and the following page are listed the names 
of those who have served as presidents from the 
founding of the Institute in 1884 until the present 
day, the names of those who have been elected to 
honorary membership in the Institute, the names of 
those who have been awarded any of the 3 medals in 
which the Institute is most deeply interested, the 
names of those faithful individuals who have served 
the Institute either as secretaries or treasurers, and 
the names of the 6 living charter members of the 
Institute. On the 37 pages which follow this listing, 
there are given biographical sketches of these 
leaders of the Institute, concluding with a list of the 
71 pioneers in the electrical industry who, as nearly 
as can be determined from records at Institute 
headquarters, were charter members of the Institute. 


Presidents 
of the Institute 


ROM the Institute’s first president, Dr. Norvin 

Green, down to and including the incumbent, 
Dr. J. B. Whitehead, 46 outstanding leaders have 
served the Institute as presidents. These, together 
with their term of service, are: 


Norvin Green..........1884-86 F. B. Crocker..........1897-98 
Franklin L. Pope....... 1886-87 A. E. Kennelly.......1898-1900 
Tee Vartinias. 95. 18S 7— Soe Carle ening eee ee 1900-01 
Edward Weston........ 1888-89 C. P. Steinmetz........1901-02 
Phe homson. see 1889-90 Charles F. Scott........ 1902-03 
Wee Ame ACE NON yarn es 1890-91 Bion J. Arnold.........1903-04 
Alexander Graham Bell.1891-92 John W. Lieb..........1904-05 
Frank J. Sprague....... 1892-93 SS. S. Wheeler.......... 1905-06 
Edwin J. Houston...... 1898-95 Samuel Sheldon........1906-07 
Heo Misw Ot cat emer SO 0-0 (ee Lleiinys Ga Stolle 1907-08 
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IAS Here usonwesaanet 1908-09 Wm. McClellan........1921-2 
Jeg 1B, Sellen 5 oe owe sen 1909-10 Frank B. Jewett....... 1922-2 
Ds Ce jackson era 1LOLO= Te el arrisn| is iy alleen 1923-2 
Gano; Dit 1911-12 Farley Osgood.........1924—2 
Ralph D. Mershon..... 1912-13) Vio be Ptipintv ee 1925-2 
CROP Maillotixenen ae 191345 Ce CuChesneysee oe . 1926-2 
Patl Mo Lincoln. >.... - 1914-15 Bancroft Gherardi...... 1927-2 
olan LOMA ce sascole = 1915-16 R. F. Schuchardt.......1928-2 
Wits tC Kamina cen ete 1916-17 Harold B. Smith....... 1929-3 
De WeeRiceie|itaer <a 1917418;  WeeSs leer ae eee 1930-3 
Comfort A. Adams..... 1918-19" (CB. Skatiners: pasar 1931-3 
Calvert Townley....... 1919-20 H. P. Charlesworth... . . 1932-3 
A. W. Berresford.......1920-21 J.B. Whitehead........ 1933-8 


Honorary Members 
of the Institute 


‘ee INSTITUTE has elected 31 distinguishe 
citizens of various countries of the world to th 
highest grade of membership in the Institute, namely 
Honorary Member. Previous to the election oa 
Thomas A. Edison to honorary membership in 1928 
all Honorary Members with the exception of Prof 
Moses G. Farmer and Cyrus W. Field, had bee 
citizens of countries other than the United States 
Since 1928, the tendency has been more to hono 
those who have served the Institute directly. 

As an aid to those who may wish to turn to th 
biographical sketch of some Honorary Member in th 
pages which follow, these sketches are given immedi 
ately after those of the presidents, and are given i 
the chronological order of election. In the case 
of those names in the following list which are followe 
by an asterisk, biographical sketches will not b 
found in the group of Honorary Members, but wi 
have been given in the group of presidents, as thes 
Honorary Members also served as presidents. 


Sir William Preece......... 1SS4s Ss yohn ys Cartyn ee eee 192 
NorviniGreent ta el S89 VL eo leeP pits see 192 
MosesiG. Harneiva een 1890 Ambrose Swasey.......... 192 
ord Kelvinterawowenas ee 1892" “Blhw Dhomson*s. eee 192 
Cyrus' Field: .2.:..).......-d892- Herbert Hoovers... eee 
E. W. von Siemens........1892 Charles F. Scott*.......... 192 
Andre: Blondelliemesas aceite 1912" Charles kh, Brushy... eo 
Cabal eBrowil. spe ee 1912. Motoji Shibusawa.........192 
BmilVA> Bidder. 5. LO12e Brankeieopracics anne 198 
SrZadevherrati. so. eee 1912. W. Lo Rebmmete....) eloe 
Antonio Pacinotti......... 19125 (GyAsHamiltonea eee 193 
Dae. Qhompsone. ss Ole vArthire Ee Keentell.:: ane 193 
Guglielmo Marconi........1917 R.A. Millikan............198 
Oliver Heaviside.......... TOUS A WerRicey lisse 
Ferdinand Foch...........1921 PBdward Weston*)...)... este 
Thomson A. Edison....... 1928 


* Included in the group of Past-Presidents. 
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Edison Medalists 


ee EDISON MEDAL Association was origi- 

nally organized for the purpose of appropriately 
recounting and celebrating the achievements of a 
quarter of a century in the art of electric lighting. 
It was felt by the Association that the most effective 
means of accomplishing the object for which it was 
formed would be the establishment of a gold Medal, 
which should, during the centuries to come, serve as 
an honorable incentive to scientists, engineers, and 
artisans to maintain by their works a high standard 
of accomplishment. The Medal, highest award of 
the Institute, was established on February 11, 1904, 
and is awarded once each year to some one resident 
of the United States of America and its dependen- 
cies, or of the Dominion of Canada, for ‘‘meritorious 
achievement” in electrical science or electrical en- 
gineering or the electrical arts. 

In the cases of those names in the following list 
which are followed by an asterisk, biographical 
sketches will not be found in the group of Edison 
Medalists, but will have been given in the group of 
presidents or honorary members. 


Be ihahomson*:....... «- 1909 RAS Millikan? 05 =, 1922 
Prank J. Sprague*......... (OlORE Onna vicbeaw ett Oos 
George Westinghouse......1911 John W. Howell...........1924 
evitiammstanley..-...--..1912 Harris J. Ryan*........... 1925 
mharies fF: Brush*.7..:.... 1913 W. D. Coolidge...........1927 
Alexander Graham Bell*...1914 Frank B. Jewett*......... 1928 
Rikolamheslan wean. Ol OmCharles He Scotttsn 2.25.) 1929 
WonieCarty* 2.0.56. 5 ot LOI @ekranka Conrad aes entrar 1930 
Benjamin G. Lamme...... LOTS MEW Weice nia carer eee Oot 
Meivekeeinmet*........-1919 Bancroft Gherardi*........ 1932 
“AL, Ta SRA W HOST lady ae ee 1920 Arthur E. Kennelly*.......1933 
meme Chesney”*: 2.0600. ass 1921 


John Fritz Medalists 


\ES JOHN FRITZ Medal is awarded annually 
by a board composed of 4 representatives of 
each of the 4 national engineering societies, the 
American Instituteof Electrical Engineers, The Ameri- 
can Society of Mechanical Engineers, the American 
Institute of Mining and Metallurgical Engineers, 
and the American Society of Civil Engineers, 
for notable scientific or industrial achievements, 
regardless of nationality or sex. It was established 
by professional associates and friends of John 
Fritz on August 21, 1902, his eightieth birthday, 
to perpetuate the memory of his achievements in 
industrial progress. The first award of the medal 
was to John Fritz at a dinner given on his eightieth 
birthday. 

Those members of the Institute who have been 
awarded the John Fritz Medal follow. In this list, 
an asterisk following the name indicates that the 
biographical sketch is given in one of the preceding 
groups. 


MPOCOWK ELVIN ® jens se ae os 1905 Ambrose Swasey*.........1924 
George Westinghouse*..... 1906 Edward D. Adams........ 1926 
Alexander Graham Bell*...1907 Elmer A. Sperry........... 1927 
Thomas A. Edison*........ LOO Samm Olina Canty teen is LOLS 
mind Thomson*,........: 1916 Herbert Hoover*..........1929 
Guglielmo Marconi*.......1923 M.I. Pupim*............. 1932 
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Lamme Medalists 
A BEQUEST was made by the late Benjamin G. 
Lamme, chief engineer of the Westinghouse 
Electric and Manufacturing Company, to provide 
for the award by the Institute of a gold medal 
annually to a member of the A.I.E.E., ‘‘who has 
shown meritorious achievement in the development 
of electrical apparatus or machinery.” 

The award is made in accordance with conditions 
specified in the by-laws of the Lamme Medal com- 
mittee. 

In the list of Lamme Medalists which follows, 
an asterisk following the name indicates that the 
biographical sketch of the medalist is given in one of 
the preceding groups. 


MVE V0Y IB, VRS yon oon cc 1928 Giuseppe Faccioli......... 1931 
R. E. Hellmund...........1929 Edward Weston*..........1932 
William J. Foster.......... 1930 LewissB Stillwell? -=->.-). 1933 


Secretaries 
of the Institute 


qe secretaries of the Institute have in general 
held office for long terms. Although subject to 
reélection or reappointment each year, the terms of 
service of the 4 secretaries, as indicated below, cover 
the entire 50-year span of the Institute’s history. 


New. Keithiwnet a. sno LS&S4-Som Rails Eutchinsonieae 1911-82 
Ralph W. Pope...... 1885-1911 H.H. Henline......... 1932- 
Treasurers 


of the Institute 


HE treasurers of the Institute have also included 

long terms of service. With the unusual record 
of continuous service from 1895 to 1930 for Mr. 
Hamilton (see p. 816, 821, and 823), the terms of 4 
treasurers span the 50 years, 1884-1934. The 4 
treasurers are: 


G. A. Hamilton*..... 1895-1930 
W. I. Slichter........19380- 


Rowland R. Hazard... . 1884-86 
George M. Phelps...... 1887-95 


Charter Members 
of the Institute 


Ge THE 71 individuals who have been definitely 
determined to have been charter members of 
the Institute, 6 are now living and still on the rolls. 
These living charter members, who will be pre- 
sented with certificates and membership badges 
through the Sections of which they are members, 
are: 


Frank B. Rae 
Elihu Thomson* 
Edward Weston* 


Charles L. Clarke 
E. N. Dickerson 
George A. Hamilton* 


* Included in a previous group. 


(Si 


Norvin Green 
(Associate 1884, Member 1884) 


President 1884-85-86 
Honorary Member 1889 


eae INSTITUTE’S first president was 
a physician, who, having become interested 
in politics, was placed in a government 
position which led to his becoming one of 
the lessees of an early telegraph company, 
and subsequently president of the Western 
Union Telegraph Company. This physician 
was Dr. Norvin Green, a charter member 
and one of the founders of the Institute. 
He was born April 17, 1880, at New 
Albany, Ind. His early life was spent in 
Kentucky; here he graduated with high 
honors at the University of Louisville in 
1840. Shortly afterward he became a 
physician for the Western Military Acad- 
emy, Drennon Springs, Ky., of which James 
G. Blaine, who later became a prominent 
statesman and was twice U.S. Secretary of 
State, was one of the junior instructors. 
Doctor Green also became interested in 
politics. He was elected for a number of 
years as a member of the Kentucky Legis- 
lature and in 1853 was appointed a Com- 
missioner of the United States in charge 
of the construction of national buildings in 
Louisville. While engaged in these duties 
he became one of the lessees of the United 


Morse and People’s Telegraph Lines, be- 
tween Louisville and New Orleans, later 
becoming president of these interests, united 
under the name of the Southwestern Tele- 
graph Company. 

In 1866, when the America, the United 
States, and the Western Union companies 


were consolidated, Doctor Green was 


chosen vice-president of the Western Union 
Company, and, which office he held up to 
1878, with the exception of the 3 years from 
1870 to 1873; during this period he was the 
president of the Louisville, Cincinnati and 
Lexington Railroad Company, and again 
entered politics, barely losing the nomi- 
nation for U.S. Senator from Kentucky. 

In 1878, Doctor Green was elected presi- 
dent of the Western Union Telegraph Com- 
pany, holding this position until his death, 
February 12, 1893, at the age of 75 years. 

It was from this background that Doctor 
Green entered heartily into the organiza- 
tion of the Institute. He was an ardent 
worker for its establishment and set the 
example of conscientious attention to duty 
He was sanguine in his prediction of the 
Institute’s future usefulness, and in spite 
of his many business ca es he was at almost 
all of the council meetings, acting as presid- 
ing officer. He had considerable committee 
work put upon him and was instrumental in 
laying out the work of the Institute during 
those first 2 years. It was said of him in 
those early days that no person connected 
with the Institute exhibited more interest 
and did more for its future advancement 
than did Doctor Green. At the end of his 
first term of presidency, Doctor Green 
unanimously was elected to serve as Presi- 
dent for another year, 1885-86. 

At the end of this period he was elected to 
serve 2 years as vice-president c_ntinuing to 
give advice and assistance thereafter. 


UCCEEDING Dr. 
second president of the Institute was 
Franklin Leonard Pope, one of the earliest 


Norvin Green, the 


practicing electrical engineers in the 
country. Mr. Pope, like many of the 
charter members of the Institute, was 
act.ve principally in the telegraph and 
telephone field. 

He was born at Great Barrington, Mass., 
December 2, 1840. After attending the 
academy in Amherst, Mass., he became a 
telegraph operator in 1857. In 1859 he 
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Franklin L. Pope 


(Associate 1884, Member 1884) 


President 1886-87 


entered the drafting department of the 
Scientific American in New York City, but 
in 1861 reéntered the telegraph service in 
Providence, R. I. In 1862, he was made 
assistant engineer of the American Tele- 
graph Company in New York. During the 
draft riots the following year, he repaired 
with his own hands the demolished tele- 
graph lines of this company between New 
York and Boston. When the national 
telegraphic union was formed in 1863, Mr. 
Pope was chosen the New York District 
Secretary; under the pseudonym of ‘“‘Elek- 
tron,” he was the first contributor to its 
publication, The Telegrapher. 

In 1864, Mr. Pope was appointed as- 
sistant engineer and chief of the geo- 
graphical department of the Western 
Union Russian Extension Company, and 
surveyed the route for the proposed Collins 
Overland Telegraph between British Colum- 
bia and Alaska, which was abandoned after 
the successful laying of the Atlantic cable. 
Returning to New York in 1866, Mr. Pope 
resumed the contribution of articles to 
The Telegrapher, and its editor 1867-68. 

In 1868, he undertook the development 
and management of a system of printing 
the prices of gold and of stock in brokers’ 
offices. In 1869, he entered into partner- 
ship with Thomas A. Edison under the 
name of Pope, Edison & Company, electrical 
engineers, and in 1870 they invented a one- 
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wire printing telegraph. This firm had but 
a brief existence, being dissolved in 1870, 
probably because of the strong personalities 
of its members. Continuing in active 
practice, Mr. Pope secured several patents, 
the majority of them being for a railroad 
semaphore lock signal system. He was 
one of the earliest patent solicitors for elec- 
trical inventions, and was for many years 
patent attorney for the Western Union 
Telegraph Company. 

Mr. Pope was the author of ‘‘Modern 
Practice of the Electrical Telegraph’’ 
(1871, rewritten 1891), and ‘Life and Work 
of Joseph Henry” (1879). In 1884 he be- 
came editor of the Electrical Engineer, 
which was later called The Electrician and 
Electrical Engineer, and still later The 
Electrical Engineer. He also edited the 
electrical department of The Engineering 
Magazine. 

In 1894, Mr. Pope returned to Great 
Barrington, having reconstructed an old 
brick house built there in 1766. As a 
pastime, he remodeled the Great Barring- 
ton Electric Light Company’s system, de- 
scribing these changes in an Institute paper. 
Mr. Pope had the primary wires brought 
into his cellar, and because of an accidental 
contact with these wires he was killed on 
October 13, 1895. Mr. Pope had been a 
member of the Institution of Electrical 
Engineers (British) since its inception in 
1872 and had been one of its first vice- 
presidents. In 1878 he was vice-president 
of the American Electrical Society of 
Chicago. He was an older brother of Ralph 
W. Pope who, for 27 years, starting in the 
year 1885, served the Institute as secretary. 


ELECTRICAL ENGINEERING 


T. Commerford Martin 


(Associate 1884, Member 1910) 


President 1887-88 


OR its third president the Institute 
chose an editor of electrical magazines, 
author, and association executive. He was 
Thomas Commerford Martin, who assumed 
the presidency of the Institute at the age 
of 30. 

Mr. Martin was born in London, England, 
July 22, 1856. Owing to the relation of 
his father to the pioneer submarine cable 
industry, the boy had the unique experience 
of spending much of his time on the historic 
cable-laying steamship ‘“‘Great Eastern’ 
and of making the early acquaintance of 
Professor William Thomson (Lord Kelvin). 
Although educated as a theological student, 
Mr. Martin came to the United States in 
1877; entering the service of Thomas A. 
Edison that year, he had much to do with 
several famous inventions, and wrote many 
articles in the New York papers on them, 
notably on the telephone, microphone, and 
phonograph. Due to ill health, he resigned 
in 1879 and went to the West Indies, where 
he undertook journalistic adventures and 
work for the Government of Jamaica. 
Returning to New York in 1882, he edited 
The Operator, and in 1883, as one of the 
editors of the Electrical World, got out its 
first issue practically single handed. H- 
remained as its editor for 26 years. 


Then, in 1909, he was elected secretary 
of the former National Electric Light As- 
sociation, which he had helped to found in 
1885. On account of impaired he-Ith, he 
resigned in 1919, becoming advisory secre- 


tary. His annual report on the progress 
of the industry was for many years a lead- 
ing feature of N.E.L.A. conventions. In 
1923 he also became secretary of the New 
York Electrical Society, of which he had 


been a charter member, and in 1900, its 
president. He died May 17, 1924. 

Mr. Martin was not only very active in 
1884 as a founder and charter member of 
the A.I.E.E. and as its acting secretary 
at that time, but he had served in all of its 
elective offices except that of treasurer. 
Mr. Martin was also in trumental in the 
purchase by Doctor Schuyler Skaats 
Wheeler of the Lattimer Clark Library for 
the Institute, and the securing of the 
famous gift of $1,500,000 from Andrew 
Carnegie for the Engineering Societies 
Building and Engineers Club. He served 
for 4 years on the 2 building committees, 
and as president opened the new building 
with Doctor Carnegie in 1907. He was 
president of the Engineers’ Club of New 
York 1907-08. 

Mr. Martin was the author of numerous 
electrical books, and contributed frequently 
to the leading American encyclopedias and 
magazines. As special electrical expert for 
the U.S. Census Office between 1900 and 
1915, his reports on the vast range of 
electrical industries and utilities were of 
tremendous importance. He lectured widely 
in this and other countries. He was 
decorated by the French Government as 
Officer de |’ Instruction Publique in 1907. 
He was one of the founders of the American 
Museum of Safety and of the Illuminating 
Engineering Society. He had represented 
the Institute and 8 other American societies 
at the Kelvin Jubilee in 1896 at Glasgow 
University. He was a member of several 
other engineering and scientific societies 


Edward Weston 


(A *84, M°84, member for life) 


President 1888-89 
Honorary Member 1933 
Lamme Medalist 1932 


DWARD WESTON, now chairman of 

the board of the Weston Electrical Instru- 
ment Corporation at Newark, N. J., and 
one of the 6 living charter members of the 
Institute, was elected as the fourth presi- 
dent of the A.I.E.E. The citation ac- 
companying the award to him of the In- 
stitute’s Lamme Medal in 1932 ‘for his 
achievements in the development of elec- 
trical apparatus, especially in connection 
with precision measuring instruments,” 
aptly phrases the outstanding interest of 
his long and active life. 

Doctor Weston was born in Shropshire, 
England, in 1850, and received his formal 
education in that country. From boyhood 
he manifested a keen interest in electrical 
and mechanical investigations. Coming to 
New York City in 1870, he spent 2 years as 
chemist and electrician for industrial con- 
cerns, then established his own nickel plat- 
ing business in 1872, maintaining this ac- 
tivity until 1875, when he became a partner 
in a firm for the manufacture of dynamo- 
electric m°chines. 

The business of this firm was incorporated 
as the Weston Company in 1877, and in 
1881 was consolidated with the U.S. Elec- 
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tric Light Company, of which Doctor Wes- 
ton served as electrician until 1888. While 
in this position he received many patents on 
dynamo construction, and conducted ex- 
tensive investigation in the lighting field 

At this time he encountered in all his re- 
searches great difficulty in making the 
necessary electrical measurements with the 
clumsy, slow acting instruments then avail- 
able; he therefore developed and built for 
his own experiments a set of more practical 
instruments. These were so_ successful 
that in 1888 he decided to relinquish his other 
interests and devote all his time to the re- 
search and development necessary to pro- 
duce accurate and convenient electrical 
instruments. He established the Weston 
Electrical Instrument Company, of which he 
served as vice-president and _ general 
manager from 1888 until 1905, and presi- 
dent from 1905 to 1924, when he became 
chairman of the board. His achievements 
in developing instruments of a high speed of 
accuracy and portability are well known. 
In 1908, the Weston standard cell was ac- 
cepted as the universal standard of electro- 
motive force. 

In addition to being a charter member of 
the Institute, Doctor Weston was a member 
of its first board of directors and served as 
manager 1884-87. Following his term as 
president, he was vice president 1889-91. 
He is a member of several other engineering 
and scientific societies, being an honorary 
member of the Franklin Institute. Doctor 
Weston has received the honorary degrees 
of doctor of laws from McGill University, 
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1903; 
of Technology, 1904, and Princeton Uni- 
versity, 1910. His interest in the younger 
members of the profession is known by his 
establishment of a fellowship in electro- 
chemistry, managed by the Electrochemical 
Society. This fellowship of $1,000 is 
awarded each year to a candidate under 30 
years of age who shows marked capacity in 
carrying out research in electrochemistry 
or its applications. 


doctor of science, Stevens Institute 
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ELIHU THOMSON, fifth president of the 

Institute and one of the 6 living charter 
members, has a record in electrical engineer- 
ing that can hardly be paralleled by any 
other individual living at present. Through- 
out almost the entire period of the develop- 
ment of electrical theory and apparatus, 
Professor Thomson has been deeply inter- 
ested in all phases of electrical engineering. 
He has freely passed on to others the tre- 
mendous store of information that he has 
collected. As one small note of appreciation 
of his generous efforts, his friends continue 
to call him by the title of professor, even 
though more dignified titles may be applied. 

He was born in Manchester, England, 


Elihu Thomson 


(A '84,M’91, F 13, member for life) 


President 1889-90 
Honorary Member 1928 
Edison Medalist 1909 
John Fritz Medalist 1916 


March 29, 1853, being brought to the United 
States in 1858, settling in Philadelphia. 
Upon graduating from Central High School, 
Philadelphia, in 1870, he was at once ap- 
pointed assistant professor of chemistry 
of that institution. He was full professor 
from 1876 to 1880, when he resigned to 
devote his entire time to electrical research. 

His unusual inventive genius and his 
marked ability to learn quickly, were 
apparent even during his early years. 
Professor Thomson’s first important in- 
vention was the 3-coil are dynamo which, 
with its automatic regulator and other 
novel features, was the basis of the success- 
ful electric lighting system produced by the 
Thomson-Houston Electric Company, be- 
ginning in 1880. This company was estab- 
lished in Philadelphia in 1879 by Professor 
Thomson and E. J. Houston, his former 
colleague at the high school who later, 
1893-95, also was a president of the Insti- 
tute. The company moved to New Britain, 
Conn., in 1880 and then to Massachusetts in 
1883, merging in 1892 with the Edison 
General Electric Company to become the 
General Electric Company. In the early 
years of the new company Professor Thom- 
son was elected chief engineer, many of 
fundamental inventions upon which the 
present industry is based being his. Pro- 
fessor Thomson is today consulting engi- 
neer of the General Electric Company and 


director of its Thomson Research Labo- 
ratory at Lynn. During his career some 
700 patents have been taken out by Pro- 
fessor Thomson, these covering almost 
every field of electrical activity. 

Professor Thomson was the recipient of 
the Institute’s first Edison Medal, and has 
received some 15 medals in this and other 
countries, as well as other honors. These 
include 3 notable medals of Great Britain; 
in 1916 he was the recipient of the Hughes 
Medal bestowed by the Royal Society; in 
1924 he was honored by the award of the 
Kelvin Medal, given by all the technical 
and engineering bodies of England with the 
concurrence of the leading engineering 
societies of America; and in 1927 he was 
presented by the Institution of Electrical En- 
gineers, of England, with the Faraday Medal. 

In 1889 he was decorated by the French 
Government for his electrical inventions, 
being made a chevalier and officer of the 
Legion of Honor. 

He was awarded the Rumford Medal, in 
1901; the Grand Prix at the Paris Expo- 
sitions of 1899 and 1900; the John Fritz 
Medal of 1916; and the Elliott Cresson 
Gold Medal from the Franklin Institute. 
He has twice received the John Scott 
Medal for electrical inventions. Honorary 
degrees have been conferred upon him 
by several institutions. 

In addition to serving the Institute as 
vice-president 1887-89, and then as presi- 
dent, he has been active on the committee of 
codperative research 1898-1900, the com- 
mittee on standardization 1898-1900, and 
the Edison Medal committee, of which he 
was chairman 1911-15. He served as 
the Institute’s representative on the U. S. 
National Committee of the International 
Electrotechnical Commission for many 
years preceding 1930. 


William A. Anthony 


(Associate 1884, Member 1885) 


President 1890-91 


HE first 5 presidents of the Institute 

had all been charter members. The sixth 
president, William Arnold Anthony, was 
elected an associate December 9, 1884, 
while a professor of Physics at Cornell 
University. Although a few months late in 
getting started, he immediately took an 
active part in Institute affairs and was 
elected a vice-president in 1886, serving for 
3 years. 

He was born at Coventry, R. I., No- 
vember 17, 1835. He entered Sheffield 
Scientific School at Yale University and 
graduated at the head of his class, with the 
degree of Ph.B., in 1856. For a short time 
following his graduation he was principal 
of the public schools at Crompton, R. LI., 
and taught for a year in the Providence 
Conference Seminary. Following a year 
in a cotton machinery manufacturing plant, 
to acquire a knowledge of tools, he resumed 
teaching, first at the Delaware Literary 
Institute, Franklin, N. Y., and later at 
Antioch College, Ohio. 
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He was professor of mechanics and physics 
at Iowa State Agricultural College at Ames, 
from 1869 to 1872 thence going to Cornell 
University where he remained as professor 
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of physics until 1887. During the 15 years 
there he did much to originate and de- 
velop the course of study in electrical engi- 
neering. From 1887 until 1893, he was 
consulting engineer at the Mather Electric 
Company, Manchester, Conn. In the latter 
year he opened an office in New York City 
as consulting electrical engineer, and in 
1894 became connected with the Cooper 
Union night school of science as professor of 
physics. In February 1908 he was retired 
as professor emeritus, and died May 29 of 
that year. 

He was one of the authors of Anthony 
and Brackett’s ‘Manual of Physics” 
(1887) and in 1898 he published “Lecture 
Notes on the Theory of Electrical Measure- 
ments.” Although of a quiet and unassum- 
ing disposition, Prof. Anthony never- 
theless received full recognition for his 
work from an appreciative class of co- 
workers in the electrical field. 

He served the Institute on the member- 
ship and the codperative research com- 
mittees, and was the first local secretary for 
the Manchester, Conn., section, 1888. He 
was a member of the Franklin Institute of 
Philadelphia, the American Social Science 
Association, and the Brooklyn Institute of 
Arts and Sciences. 


ELECTRICAL ENGINEERING 


Alexander Graham Bell 


(Associate 1884, Member 1884) 
President 1891-92 


Edison Medalist 1914 
John Fritz Medalist 1907 


LTHOUGH he did much other im- 

portant scientific work in various fields 
Alexander Graham Bell has been known the 
world over as the inventor of the telephone, 
and thus may be said to have made one of 
the most revolutionizing contributions to 
modern civilization to date. 

Doctor Bell was born in Edinburgh, 
Scotland, in 1847, the son and grandson of 
teachers of vocal physiology and the laws 
of speech, and this, in addition to the fact 
that 2 members of his immediate family 
were deaf, undoubtedly was responsible for 
his interest in all matters pertaining to the 
human voice. At 14, he was sent to London 
for instruction in elocution and phonetics 
by his grandfather. Later he returned to 
Edinburgh to study at the University, and 
in a short time he was assistant to his 
father who had obtained a post as lecturer 
in elocution at University College, London. 
There he met Wheatstone and Ellis and be- 
came interested in Helmholtz’s work on the 
electromagnetic control of tuning forks. 

When he was 23, the Bell family emi- 
grated to Canada, and the next year Doctor 
Bell was appointed instructor at the first 


Frank J. Sprague 


(A '87, M'97, F 12, member for life) 


President 1892-93 
Honorary Member 1932 
Edison Medalist 1910 


F THE early developers of electric 

motors and electric traction, Frank Ju- 
lian Sprague is preéminent. His unflagging 
spirit and courage both as an inventor and 
as a financial manager had much to do with 
the successful development and operation of 
the electric trolley, the constant speed 
motor, the multiple unit, regenerative and 
remote control systems, and considerable 
equipment for elevator operation. 

Mr. Sprague was born in Milford, Conn., 
in 1857. He early demonstrated his 
ability as a “financier” by borrowing 
money to attend the United States Naval 
Academy. It was while attending the 
Academy that the telephone was invented 
and his interest was aroused in things 
mechanical and electrical. He carried on 
experimentations in his free time, and in 
1885, he resigned from the Navy and began 
his career as an electrical engineer, assisting 
Edison for one year. During this time he 
devised a mathematical system for de- 
termining the characteristics of central 
station distribution of electricity. Then 


he established his own enterprise, the 
Sprague Electric Railway and Motor 
Company, and immediately began the 
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school for the deaf and dumb in Boston. 
He was a very successful teacher and later 
taught at both Boston and Oxford universi- 
ties. In inventing the telephone he was 
first seeking some way, perhaps by register- 
ing graphically on paper, to show his pupils 
the variations in tones and the inflections 
of the human voice. Into the poorly 
equipped electric shop of Charles Williams, 
typical of that period when a “laboratory”’ 
was unheard of, Doctor Bell took his first 
problems and ideas of the ‘harmonic 
telegraph,” “harp telephone,” and speaking 
telephone. 

By 1875, after continuous experimenta- 
tion, he was at work upon the specifications 
of the patent for the telephone, and in 1876 
it was granted. The Centennial Exhibit 
at Philadelphia in 1875 did much to con- 
vince business men that the instrument was 
practical, and soon thereafter a 2-mile 
line was installed between Boston and 
Cambridge over which ordinary reciprocal 
conversation was carried on. By 1887 
long-distance conversations between New 
York and Boston were possible. 

Doctor Bell was an active researcher until 
the time of his death in 1922. Besides the 
telephone he invented the photophone, a 
device which transmitted speech by light 
beams, induction balance and telephone 
probe, and helped to develop the grapho- 
phone. He constructed a number of 
tetrahedral aeroplanes and experimented 
with propellers. 

He was a charter member of the Institute, 


a member of many American and foreign 
societies and the recipient of honors from 
governments and learned institutions, in- 
cluding the decoration of the Legion of 
Honor from France, Volta Prize (1880), 
Albert Medal of the Society of Arts (Lon- 
don, 1902), Hughes Medal of the Royal 
Society of England, and Elliott Cresson 
Medal of the Franklin Institute. 


application of electric motors to all kinds of 
stationery work, equipping the first elec- 
trically trained gun on the S. S. ‘‘Chicago.”’ 
In 1887 he undertook a contract with the 
City of Richmond, Va., to plan, finance, and 
put into operation a street railway, the 
first successful system to be operated. 
Within 2 years his firm had received more 
than 100 contracts for similar work all 
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over the country and in Italy and Germany 
as well. 

In the course of his career, he has or- 
ganized a number of concerns bearing his 
name, some of which merged with such 
organizations as the General Electric 
Company. He is now president of the 
Sprague Safety Control and Signal Corpo- 
ration and the Sprague Development 
Corporation. 

Among his achievements are the intro- 
duction of electric high speed and house 
elevators, development of the automatic 
signaling and brake train control systems, 
and invention of the method of operating 2 
elevators on the same rails in a common 
shaft. He has taken a keen interest in 
electrical traction in general, advocating 
underground rapid transit through the 
whole period of its development in New 
York City; also he has been interested in 
the electrification of the railroad, having 
served on the Grand Central Terminal 
Electrification Commission. 

Mr. Sprague has long been active in 
Institute affairs, serving at various times 
as committeeman and as vice-president 
(1890-92). He represented the Institute 
and Inventors Guild on the U.S. Naval 
Consulting Board and was engaged in 
developing fuses and air and depth bombs 
during the war. He is a member of many 
technical societies; past-president of the 
New York Electrical Society, American 
Institute of Consulting Engineers, and the 
Inventors Guild; and the recipient of 
many distinctive awards. 
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Edwin J. Houston 


(A '84, M '84, Life Member) 


President 1893-94-95 


ee THE days when electric lighting was a 
new subject Edwin James Houston at- 
tained fame by working out the Thomson- 
Houston system of arc lighting. In collabo- 
ration with Professor Elihu Thomson who 
was a teacher at the same school, Professor 
Houston made many important contribu- 
tions to the art, establishing a high reputa- 
tion as an inventor in addition to his emi- 
nence as a teacher, author, and consulting 
engineer. 

He was born in Alexandria, Va., July 9, 
1847 and was educated in the Central High 
School of Philadelphia, from which he 
received the Master’s degree. After teach- 
ing for a time at Girard College, he was 
elected professor of civil engineering in the 
Central High School, but was soon trans- 
ferred to the chair of natural philosophy, of 
which he was professor emeritus at the time 
of his death, March 1, 1914. He was also 
professor emeritus of physics at Franklin 
Institute and professor of physics at the 
Medico-Chirurgical College. 

In 1884 he was appointed a member of the 
United States Electrical Commission, which 
convened at Philadelphia, and was elected 
by the Franklin Institute chief engineer of 
the International Electrical Exhibition in 


Philadelphia. This exhibition was well car- 
ried out, and the practical tests of electrical 
apparatus then made were a valuable con- 
tribution to the advance of electrical science. 
By this time Professor Houston had become 
prominent in electrical research of every 
sort, and the following year, in 1895, he re- 
signed from his position at the Central High 


School to become associated with Dr. A. E. 
Kennelly in the firm, Houston and Kennelly, 
consulting engineers. 

Professor Houston was a very prolific 
writer both in the technical and popularized 
fields of science. He was keenly alive to the 
growing importance of science in education 
and wrote many textbooks and “popular” 
essays, as well as numerous purely scientific 
papers. 

The series ‘‘Primers of Electricity,’ pub- 
lished in 1884 in the Hlectrical World, which 
he wrote in collaboration with Dr. Ken- 
nelly, was among the first primers on elec- 
trical subjects appearing in any language. 
His ‘‘Dictionary of Electrical Words, Terms, 
and Phrases” and ‘‘Electricity in Every-day 
Life’? are well known today. It was Pro- 
fessor Houston who presented the first paper 
before the Institute in 1884, ‘‘Some Notes on 
Incandescent Lamps,”’ which dealt with the 
“Edison effect”? and aroused a great deal of 
comment. The modern electronic tube is 
based upon this discovery. 

He was a charter member of the Jnstitute, 
a member of the American Institute of 
Mining Engineers, the American Philo- 
sophical Society, the Philadelphia Academy, 
and many other scientific organizations. 
He was president of Section C of the Elec- 
trical Congress held in Chicago in 1893 and 
the first president of the electrical section of 
the Franklin Institute. He received the 
honorary Ph.D. degree from Princeton 
University. 


Louis Duncan 
(A °87, M ’87, F °13) 


President 1895-96-97 


LTHOUGH prominent in the educa- 

tional field, Louis Duncan was best 
known as an electrical traction expert and 
consulting engineer. 

Doctor Duncan was born in Washington, 
D. C., March 25, 1861, and graduated from 
the United States Naval Academy in 1880. 
For about 6 years of service after graduation 
he was assigned part of the time to special 
duty at the Johns Hopkins University, to 
assist in determining the absolute unit of 
electrical resistance. For this work he re- 
ceived the Ph.D. degree from the university 
in 1885. In 1886 he resigned from the Navy 
and joined the teaching staff of Johns 
Hopkins, where he was in charge of a course 
in electrical engineering for 14 years. He 
inspired much original work on the part of 
his students. 

At the same time he was occupied with 
various electrical engineering problems and 
was engineer in charge of construction of a 
number of electric roads in Baltimore, con- 
sulting engineer for many of the electric 
roads in Washington, chief engineer and in 
charge of construction of the Third Avenue 
System in New York, engineer for the Balti- 
more and Ohio Company, equipping the 
Baltimore tunnel with electric locomotives, 
and was consultant for a number of other 
railroad and lighting concerns. 

In 1899, he resigned his position at the 
University and devoted his entire time to 
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his consulting practice, organizing the firm 
of Sprague, Duncan and Hutchinson, but in 
1902 when the Massachusetts Institute of 
Technology built a new electrical laboratory 
and separated the course of electrical engi- 
neering from the physics department, he 
was called upon to inaugurate the course, 
and the idea had such an appeal to him that 
he accepted and donned the professorial 
robes again for 2 years, as head of the elec- 
trical engineering department. He then 
returned to his practice and was active as a 
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consulting engineer until his death February 
13, 1916. 

He took cut several patents on devices 
for electrical machines, as well as patents 
on secondary batteries. 

He did important consulting work for 
numerous utilities, including the Cincinnati 
Traction Company, the Indianapolis Trac- 
tion Company, and many of the railroad 
companies in the Middle West. He was 
consulting engineer for the Rapid Transit. 
Commission of New York City, chief engi- 
neer of the Keystone Telephone Company 
of Philadelphia, and of the independent tele- 
phone systems at Baltimore and Pittsburgh. 

Doctor Duncan was the author of many 
articles on electrical subjects, and wrote on 
electricity for the Encyclopaedia Britannica. 
He was chairman of the board of judges at 
the Philadelphia Electrical Exhibition in 
1885, a member of the board at the Atlantic 
Exposition and the World’s Columbian Ex- 
position at Chicago in 1892, and chairman of 
the electrical railroad section of the St. Louis 
Exposition in 1904. Doctor Duncan served 
as Major in the first volunteer engineers’ 
corps during the Spanish-American War. 

He contributed to the upbuilding of the 
Institute, serving 2 successive terms as 
president from 1895 to 1897, and also on 
several committees. He was an honorary 
member of the Franklin Institute, a member 
of the Mathematical Society of France, the 
Physical Society of France, the American 
Electrochemical Society, the American 
Philosophical Society, and others. He was 
associated with many other American and 
European scientific and technical organiza- 
tions. 


ELECTRICAL ENGINEERING 


Francis B. Crocker 
(A °87, M’99, Life Member) 


President 1897-98 


RANCIS Bacon Crocker made his mark in 

the electrical engineering field as a pioneer 
designer of commercially successful motors, 
a distinguished educator, and a very able 
electrical engineer. 

He was born in New York in 1861. 
From his childhood days he was interested 
in electricity, then barely known as a 
science, and as a boy he built successful 
telegraph and telephone lines. He attended 
school in New York and was graduated 
from the School of Mines of Columbia 
University in 1882, receiving the Ph.D. 
degree in electrical engineering in 1895. 
In 1899, he founded the department of 
electrical engineering and remained head of 
it for 20 years. 

In 1883, Doctor Crocker with Charles G. 
Curtis organized the firm of Curtis & 
Crocker, one of the earliest electric motor 
manufacturing concerns. For 5 years they 
were engaged in patent and expert work, 
almost entirely electrical. Among their 
achievements was the invention and de- 
velopment of the “C. & C.” electric motor. 
Upon the withdrawal of Mr. Curtis, owing 
to ill health, Doctor Crocker formed in 
1888, with Schuyler S. Wheeler, the firm of 
Crocker & Wheeler, electrical engineers. 
This was the forerunner of the Crocker- 


Wheeler Co., one of the most prominent 
establishments of its kind in the country. 
Doctor Crocker was a director of the com- 
pany until the time of his death in 1921. 

In addition to his academic and com- 
mercial interests Doctor Crocker gave much 
of his time and energy to the profession in 
his untiring efforts as an advocate of na- 
tional and international standardization 


of electrical equipment. From the very 
beginning, he took a great interest in 
standardization, and if he had done nothing 
else, the excellence of this pioneer work in 
standardization, the ground work of which 
has remained virtually unchanged although 
the industry has undergone a most re- 
markable period of advancement, would be 
sufficient tv» single out Doctor Crocker as a 
notable in the electrical engineering world. 
In 1890 he became chairman of the first 
standardization committee of the Institute, 
serving several terms. In 1906 he was one 
of the 2 American delegates to the Inter- 
national Electrotechnical Commission 
which met in London. In 1913 he was 
appointed President of the United States 
National Committee of the Commission, 
and vice-president in 1916. 

During the war Doctor Crocker was 
advisor for the members of the Naval 
Consulting Board, refusing to become a 
member, however, on account of poor 
health. His researches in aeronautics 
were of great importance, and many of his 
discoveries are now in practical application. 
In 1917 with Peter Cooper Hewitt he 
developed the first helicopter in this 
country which was able to fly. Successful 
inventors frequently sought his advice and 
information, and while he did not take 
out many patents in his own name, he was 
considered one of the best posted men on 
patents and he was able to aid greatly in 
the development of many uncompleted de- 
vices which others brought to him. 


Arthur E. Kennelly 


(A '88, M’99, F '13, Life Member) 


President 1898-99-1900 
Honorary Member 1933 
Edison Medalist 1933 


MONG the notables in the scientific 

and scholastic as well as the practical 
provinces of electrical engineering is Arthur 
Edwin Kennelly. 

Doctor Kennelly was born in 1861 in 
East India and was naturalized in 1906. 
He was educated at various private schools, 
scattered over Europe, including University 
College in London. He was awarded the 
honorary degrees of Sc.D., 1895, by the 
University of Pittsburgh, A.M., 1906, 
Harvard, and Sc.D., 1922, Toulouse, 
France. 

His engineering career began at the 
early age of 14 when he acted as assistant 
secretary of the Society of Telegraph 
Engineers (now Institution of Electrical 
Engineers), in London. He had learned 3 
signal systems and was employed as an 
operator by the Eastern Telegraph Com- 
pany, by the time he was 15. He passed 
successively through the positions of assist- 
ant electrician, chief electrician of a cable 
repairing steamer and senior ship electrician 
on submarine cables. The familiarity 
gained in this submarine work with the 
theory and practice of transmission of 
signals over long lines with distributed 
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capacity, because of the severe demands on 
his technical knowledge and resourcefulness, 
undoubtedly formed the basis for his 
future work in the field of telephony and in 
the mathematical treatment of the phe- 
nomena of transmission lines. 

In 1887, when he was 26, he came to 
America and became the principal assistant 
to Edison, and later, in addition, was 
consulting electrician for the Edison 
General Electric and the General Electric 


50th ANNIVERSARY NUMBER 


Companies; also, from 1894 to 1901 he 
was a member of the consulting firm of 
Houston and Kennelly. In 1902 he had 
charge of the laying of the Vera Cruz— 
Frontera—Compeche cable for the Mexican 
Government. 

That same year Doctor Kennelly was 
appointed professor of electrical engineering 
at Harvard University, becoming professor 
emeritus in 1930 of that institution and of 
Massachusetts Institute of Technology, 
which positions he now holds. He was also 
professor of electrical communication, 1913-— 
24, and chairman of the faculty, 1916-18, 
of the Massachusetts Institute of Tech- 
nology. Several other educational dis- 
tinctions have come to him. 

He has been a prolific writer, enriching 
the literature by the publication of more 
than 3800 papers and books. Perhaps the 
best known of his contributions to scientific 
knowledge is his explanation of the mecha- 
nism of the transmission of radio waves, 
published in 1902. 

Doctor Kennelly has never swerved from 
his enthusiastic advocacy of standardiza- 
tion of electrical terms from the time when 
he became chairman of the committee on 
units and standards in 1890 to the present 
as chairman of the committee on electrical 
definitions of the Institute and as president 
of the International Electrotechnical Com- 
mission. He has served the Institute in 
many capacities and has been an officer and 
member of numerous other technical so- 
cieties in this country and abroad, receiving 
many honors and awards. 
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@ = of the outstanding figures in the 
electrical engineering world was Carl 
Hering, a pioneer in the field of design and 
construction of electrical apparatus. He 


was a productive researcher in electro- 
chemical and electrophysical fields, and the 
discoverer of several fundamental natural 
laws. 

He was born in Philadelphia, March 29, 
1860, and was graduated in 1880 with the 
B.S. degree from the University of Pennsyl- 


Carl Hering 


(A'88, M'88, F'12, Life Member) 


President 1900-01 


vania, teaching there the next year as 
instructor in mathematics and assistant in 
mechanical engineering. In 1887 he re- 
ceived the M.E. degree and in 1912 the 
university conferred upon him the honorary 
degree of Sc.D. In 1882, becoming in- 
terested in electrical engineering, recognized 
then as a new and important branch of the 
art, Doctor Hering obtained a transfer to 
the department of physics. The following 
year he went to Germany to take courses at 
Darmstadt, teaching in the Polytechnikum 
there and working in Frankfort as chief 
engineer for Henry Moehring and Company, 
which manufactured and installed motors 
and dynamos. Upon his return to Phila- 
delphia in 1886, he established a consulting 
practice which he continued until his death, 
May 10, 1926, specializing in work on elec- 
tric furnaces, underground electrolysis and 
electrochemical and electrophysical proc- 
esses. 

He started the first comparative life tests 
of incandescent lamps in 1884, at the Elec- 
trical Exposition in Philadelphia, of which 
he was the assistant electrical engineer. By 
1890 he had made extensive researches into 
storage batteries, obtaining numerous pat- 
ents from the results of his work; he also 
investigated the regeneration of battery 
solutions. His work on electric furnaces 


began in 1900 with tests for the reduction of 
arsenic ores. Some 6 years later, while 
designing and operating electric furnaces, 
he discovered the “pinch” effect. He also 
made other discoveries showing that electro- 
magnetic forces act upon the material of the 
conductor. In 1909 he applied these forces 
to impart rapid motion to molten masses 
and, based upon this principle, he invented 
an electric furnace in wide commercial use. 

Doctor Hering was a voluminous writer, 
aiming to bridge the gap between pure and 
applied science. In 1883 he computed con- 
version factors for electrical and mechani- 
cal energy, publishing a comprehensive 
treatise in 1904; later he recalculated all 
electrochemical equivalents. In 1892 he 
was technical editor of the Electrical World 
and in 1893 he established and compiled the 
“Digest of Electrical Literature.” 

He served the Institute as committeeman, 
first local secretary for Philadelphia (1888) 
and national vice-president (1891-93; 
1895-98), standing firmly for the mainte- 
nance of Institute ideals throughout the 
whole period of his membership. He was a 
founder and president of the American 
Electrochemical Society and a member of 
the Franklin Institute, Illuminating Engi- 
neering Society, and American Association 
for the Advancement of Science. He was 
appointed officer of Public Instruction by 
the French Government in 1889 and 
decorated a Knight of the Legion of Honor 
in 1891. He was a delegate to a number of 
important national and international: con- 
ventions. 


Charles P. Steinmetz 


(A’90, M'91, F142) 


President 1901-02 


Eos more than 30 years Charles Proteus 
Steinmetz was a leader in the electrical 
industry, devoting his life to research, 
largely relating to mathematical founda- 
tions upon which many of the developments 
in electrical engineering are based; there 
was scarcely a detail of any branch of 
electrical science or mathematics with 
which he was not conversant. Of his 
achievements among the most important 
were his investigations in the field of 
magnetism and his researches into the 
theory of direct and alternating current and 
the phenomena of lighting. 

He was born on April 9, 1865 in Breslau, 
Germany, and was educated at the uni- 
versities of Breslau and Berlin, and the 
. Polytechnic in Zurich, Switzerland, special- 
izing in mathematics, electrical engineering 
and chemistry, and teaching mathematics 
at the same time. At 24, he left Germany 
because his socialistic affiliations barred him 
from preferment, and came to the United 
States practically penniless and knowing 
almost no English. Later he was natural- 
ized, and became interested in politics in 
Schenectady. During a Socialist regime he 
was appointed president of the board of 
education of that city in 1912 and held the 
position throughout succeeding administra- 
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tions until his death on October 26, 1923. 
The first job he obtained was as draftsman 
at the Osterheld and Eickemeyer factory in 
Yonkers, N. Y.; soon he was given charge of 
all the new and experimental work in the 
establishment. Besides working on inven- 
tions for electric motors and generators and 
electric street cars, Doctor Steinmetz 
attracted attention by articles he con- 
tributed to scientific papers here and in 
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Germany, especially on the theory of alter- 
nating currents. He was put in charge of 
the research laboratory and began to 
specialize on magnetic testing. In 1892, 
the firm merged with the General Electric 
Company and he was sent to Lynn, Mass.; 
the next year he was transferred to Schenec- 
tady as chief consulting engineer, remaining 
in that position until his death. In 1902 he 
became also professor of electrophysics at 
Union University. 

He possessed a marvelous insight into all 
scientific phenomena and an unequaled 
ability to explain the most difficult and 
abstruse problems by systematic mathe- 
matical methods. He expressed his desire 
to communicate his fundamental knowledge 
to others in the stimulating instruction he 
gave to his assistants at the General Elec- 
tric and in the publication of a large number 
of scientific papers and electrical books, 
which have long been accepted as standard 
textbooks in colleges, laboratories, and 
workshops. 

Doctor Steinmetz served the Institute as 
vice-president (1896-98), manager (1892- 
95; 1898-1901) and as committeeman at 
various times; he also contributed papers 
frequently to Institute meetings and publi- 
cations, his first, in 1892, ‘‘On the Law of 
Hysteresis,’’ marking a new epoch in elec- 
trical science. He was a member of 
numerous scientific and educational organi- 
zations. He received 2 honorary degrees, 
the A.M. from Harvard (1902) and Ph.D. 
from Union (1903). 


ELECTRICAL ENGINEERING 


DNs his long and active career 
Charles Felton Scott has been an out- 
standing figure in both the engineering and 
educational fields, a meritorious inventor, 
a frequent contributor to the literature and 
a self-sacrificing worker for the benefit of 
the electrical engineering profession. 

Prof. Scott was born at Athens, Ohio, 
in 1864, and attended Ohio University in 
Athens, and graduated from Ohio State 
University with the A.B. degree in 1885. 
He took postgraduate courses at Johns 
Hopkins University and received the hono- 
rary degrees of M.A. from Yale University, 
Sc.D. from the University of Pittsburgh, 
and Engg.D. from Stevens Institute of 
Technology. 

He is perhaps most widely known as the 
inventor, in 1894, of the ‘‘Scott connection” 
by which 2 transformers are T-connected 
to change 2-phase alternating current to 3- 
phase and vice versa. He was closely 
identified with early single-phase railway 
electrifications, including the New York, 
New Haven, and Hartford. Hehad charge 
of the design of the transformers for the 
first high-voltage transmission system in 
this country, and was connected with the 
original Telluride installation. In the de- 
velopment of the polyphase induction motor 
he was associated with Nikola Tesla and 
was responsible for certain parts of the work. 
He was early identified with the problem of 
inductive coérdination. 

Professor Scott began as a wireman at 
the Baldwin Locomotive Works, going to 
the Westinghouse Electric and Manufac- 
turing Company in 1888 as night testing 


Charles F. Scott 


(A °92, M’°93, F °25, member for life) 


President 1902-03 
Honorary Member 1929 
Edison Medalist 1929 


room assistant; in 1891 he became assist- 
ant electrician, in 1897 chief electrician and 
finally, in 1904, consulting engineer. He 
initiated the Westinghouse Club and the 
Electric Journal. In 1911 he accepted the 
professorship of electrical engineering at 
Sheffield Scientific School, Yale University, 
where he was active head of the department 
until 1933, when he became professor of 
electrical engineering emeritus. 

He has given enthusiastic service to the 
profession and in particular to the Institute. 
As its president he instituted an active cam- 
paign for members, founded the high-voltage 
transmission committee, stimulated Sec- 
tion growth and established Student 
Branches. He advocated a building for 
many engineering societies instead of one 
for the Institute only and was instrumental 
in securing funds for the Engineering 
Societies Building. He was chairman of 
the building committee and a charter mem- 
ber of United Engineering Society; he served 
on the Institute development committee in 
1919 and on the cominittee which formed 
the American Engineering Council. 

During 1921-23 he was president of the 
Society for the Promotion of Engineering 
Education; he proposed and was active in 


undertaking a study of engineering educa- 
tion. This work has been an important 
achievement and contribution to the 
profession. He also took an active part in 
organizing the Summer Conferences for 
Engineering Teachers 1927-33. He is a 
member of The American Society of Me- 
chanical Engineers, Illuminating Engineer- 
ing Scciety, Connecticut Society of Civil 
Engineers, American Philosophical Society, 
and Engineers Society of Western Penn- 
sylvania, of which he was president 1902. 


Bion J. Arnold 


(A '92, M '93, F '12, member for life) 


President 1903-04 


HROUGHOUT the long and eminently 

successful career of Bion Joseph Arnold, 
his initiative, ingenuity and resourcefulness 
have been recognized not only by his fellow 
engineers, but also by the general public 
who know him well for his inventions, ex- 
tensive consulting practice and the installa- 
tion and direction of numerous public utility 
services. 

He was born at Casnovia, Mich., in 1861, 
and was educated in the Ashland, Neb., 
public schools, the University of Nebraska 
and at Hillsdale College, Mich. He received 
the degrees B.S. from Hillsdale, 1884, and 
M.E., 1887; later he took a postgraduate 
course in electrical engineering at Cornell, 
and in 1897 he received the degree E.E. 
from the University of Nebraska, and, at 
various times, many honorary degrees. 

In his boyhood Col. Arnold constructed 
models of farm implements, a steam engine, 
steam plant, bicycle and, most remarkable 
a working model of the standard Burling- 
ton locomotive, complete in all details and 
1/;, full size. The locomotives which en- 
tranced him as a child drew his interest as 
a young man to the railroad and its prob- 
lems. Fame first came to him in 1893 
by the design and building of the Intramural 
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Elevated Railway at the Columbian Exposi- 


tion, in Chicago. This was the first com- 
mercial installation of the third rail on a 
large scale, and it led to a wide practice as 
consulting engineer for steam and electric 
railways. Later he did the pioneer work 
of installation for such roads as the Chicago, 
Milwaukee Electric Railway, and the Lan- 
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sing, St. Johns and St. Louis Railway, in 
Michigan. For the latter he developed in 
1900 an a-c single-phase system. He con- 
verted from steam to electrical operation 
the Grand Trunk Railroad through the 
St. Clair Tunnel from Port Huron, Mich., 
to Sarnia, Ont. The single-phase high- 
voltage system for heavy electric railway 
work was adopted here for the first time. 
Other important commissions Col. Arnold 
carried out where the development of the 
electrification of the Grand Central Termi- 
nal, New York, and the development of the 
subway system of New York. He has been 
consultant on surface and underground 
traction matters at various times for cities 
all over the country, and consulting engi- 
neer for numerous railroad commissions. 
He now maintains headquarters at Chicago. 
During the war, Col. Arnold served in 
various capacities, being assigned as Lieut. 
Col., Aviation Section, 1917, to make a com- 
plete survey of aircraft supply and produc- 
tion conditions for the Army and Navy, and 
to take charge of the development and 
production of aerial torpedoes. His most 
recent commission is Col. Auxiliary Corps, 
1925, which he now holds. Col. Arnold 
has served the Institute on various com- 
mittees and is a member of numerous 
other societies, among them, the American 
Society of Civil Engineers, The American So- 
ciety of Mechanical Engineers, Western 
Society of Engineers, and American Society 
for Promotion of Engineering Education. 
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John W. Lieb 


(A '87, M'92, F'13, member for life) 


President 1904-05 
Edison Medalist 1923 


HE INSTITUTE’S Edison medal for 

1923 was awarded John William Lieb “for 
the development and operation of electric 
central stations for illumination and power.” 
That phrase well summarizes the guiding 
influence in Mr. Lieb’s life. 

He was born in Newark, N. J., in 1860, 
and graduated from Stevens Institute of 
Technology in 1880. In 1921 he received 
the honorary degree of doctor of engineering 
from that institution. Upon graduation he 
entered the employ of the Brush Electric 
Company, Cleveland, Ohio, but in 1881 
transferred to the Edison Electric Light 
Company of New York, becoming assistant 
in the engineering department. The follow- 
ing year he became assistant to Mr. Edison 
and was engaged in experimental research, 
working with Mr. Edison in tests on the 
now famous Pearl Street station. In 1882 
he was appointed the first electrician 
of the company. 

In 1883 he went to Milan, Italy, to 
represent Mr. Edison in connection with 
the design, installation, and operation of the 
Milan Central Station. He later became 
technical director of the Societa Generale 
Italiana di Elettricita Sistema Edison, and 
for his work in introducing the use of 


electricity into Italy, was made Knight 
Commander of the Royal Order of the 
Crown of Italy, in which he was later pro- 


moted to a Grand Officer. He was also 
made an officer of the French Legion of 
Honor. 

In 1892 Mr. Lieb returned to New York 
as assistant to the vice-president of the 
Edison Electric Illuminating Company. 


HE presentation to the Institute by 
Schuyler Skaats Wheeler of the Latimer 
Clark Library in 1900, is of itself sufficient 
to insure Doctor Wheeler a permanent 
place in the role of those who have given 


_ outstanding service to the Institute. This 
act, however, was but one of the many 
contributions which he made. During the 
early development of the industry, he was 
responsible for many inventions and appli- 
cations of electrical equipment. 
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He was later made vice-president and 
general manager of the company, and 
when the New York Edison Company was or- 
ganized he became associate general manager 
and then appointed vice-president in general 
charge of operations. He later became 
general manager and upon the consolida- 
tion of the New York Edison Company 
with other utility companies in the New 
York Metropolitan area in 1928, Mr. Lieb 
became senior vice-president. He held this 
position at the time of his death, November 
1, 1929. 

For many years following 1900, Mr. Lieb 
also was president of the Electrical Testing 
Laboratories of New York. Mr. Lieb 
held office in several other utility companies. 
During the war, Mr. Lieb rendered valuable 
service as chairman of the national com- 
mittee on gas and electric service. 

Mr. Lieb took a prominent part in the 
work of many of the organizations in the 
electrical and allied field. He was a past- 
president of several such organizations. 
For the Institute, he has served on several 
committees as well as holding the presi- 
dency for one year. His work was recog- 
nized by many foreign societies and he was 
a member or honorary member of several 
of these. 

Beside taking a part in the deliberations of 
foreign societies (he spoke 4 languages 
fluently) Mr. Lieb was an outstanding 
figure in the promotion of amity, peace, 
and good-will among the technical and 
engineering men of the world. 


Schuyler Skaats Wheeler 


(A 85, M'85, F 12, Life Member) 


President 1905-06 


Doctor Wheeler was born in New York, 
N. Y., May 17, 1860. He was educated at 
Columbia College, and was awarded the 
honorary degree of doctor of science by 
Hobart College in 1894, and that of master 
of science by Columbiain 1912. Atthe age 
of 21 he left college to become assistant 
electrician of the Jablochkoff Electric 
Light Company, and in 1882 joined the 
engineering staff of Thomas A. Edison, in 
charge of work at the first power station. 
He was in this position in 1893 when the 
incandescent light was introduced. He 
installed and operated several other sta- 
tions during the next 2 or 3 years. 

In 1886 he left the Edision Company and 
became connected with the C. & C. Elec- 
tric Motor Company, which, with Charles 
G. Curtis and Francis B. Crocker, he helped 
to organize. They were the pioneer manu- 
facturers of small electric motors. 

In 1888 the firm of Crocker & Wheeler 
was organized, which shortly was incorpo- 
rated as the Crocker-Wheeler Motor Com- 
pany, of New York, and subsequently be- 
came the Crocker-Wheeler Company, of 
Ampere, N. J. Doctor Wheeler was the 
president of this concern from 1888 until the 
time of his death in 1923. During the 
many years that he was active head of the 
company, he was particularly prominent 
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in development of the electric motor and 
its application to machine tool drives. 

Doctor Wheeler was electrical expert for 
the Board of Electrical Control of New York 
from 1888 until 1895. He was the inventor 
of many electrical and mechanical devices, 
such as the electric elevator, electric fire 
engine, series multiple motor control, and 
paralleling of dynamos. In 1904 he re- 
ceived the John Scott Medal of the Frank- 
lin Institute for the invention of the electric 
fan in 1886. Doctor Wheeler was 1 of the 
9 incorporators of the United Engineering 
Society in May 1904, being 1 of the 3 
representatives of the Institute. The 
Latimer Clark Library, which Doctor 
Wheeler purchased in London in 1900 had 
been owned by the late Latimer Clark and 
was the largest collection of rare electrical 
works in existence. Doctor Wheeler pre- 
sented this library to the Institute, thus 
forming the foundation of the electrical 
section of the large library now housed in the 
Engineering Societies Building in New York. 

It was from the presidential address of 
Docter Wheeler in Milwaukee in 1906 that 
the ideas were taken for the ‘“‘code of ethics” 
for electrical engineers finally adopted by 
the Institute’s board of directors in 1912. 
Among the many committees on which he 
served was the committee on code of 
principles of professional conduct of which 
he was chairman at the time of his death. 
Doctor Wheeler had served the Institute 
as manager from 1887 until 1904, and also 
in 1904-05; he had served 3 years as a 
vice-president. 


ELECTRICAL ENGINEERING 


Samuel Sheldon 


(A 90, M'91, F ‘13, Life Member) 


President 1906-07 


NE OF the foremost educators in the en- 

gineering profession, Dr. Samuel Shel- 
don, was enthusiastic in his devotion to the 
advancement of the electrical engineering 
profession, and in his unbounded faith in the 
future importance of the Institute. His 
unfailing support of every movement 
looking to the logical position of the 
Institute as the exponent of the highest 
standards of the electrical art, marked his 
development as a leader, not only with 
confidence in himself, but thoroughly appre- 
ciative of the work of his associates. 

Doctor Sheldon was born in Middlebury, 
Vt., on March 8, 1862, graduating from 
- Middlebury College in 1883, and remaining 
there 2 years as instructor in mathematics; 
he received the degree of A.M. there in 
1886. In 1888 he received the degree of 
Ph.D. at Wurzburg, Germany. During 
part of this time he was associated with 
Kohlrausch, the distinguished physicist, 
in the determination of the ohm as a unit of 
electric resistance. He was awarded the 
honorary degree of doctor of science from 
the University of Pennsylvania in 1906, and 
from Middlebury College in 1911. 

Doctor Sheldon went to the Polytechnic 
Institute of Brooklyn, N. Y., in 1889, after 
a year spent at Harvard University as 
instructor of physics, and was immediately 


honored with a full professorship in physics 
and electrical engineering in the newly 
organized department of electrical engi- 


neering. Although only 27 years old, he 
had a thorough command of his subjects, 
together with enthusiasm and _ energy, 
which he exhibited in the lecture rooms. 
In addition to having an analytical mind, 
he had an inspiring and sympathetic 
personality, which made him valued as a 


teacher. Under his supervision the shop, 
mechanical engineering, physical and elec- 
trical engineering laboratories were installed. 
Illness in 1909 necessitated a long vacation 
which he spent mostly in Europe, where he 
had an opportunity to visit the principal 
engineering schools. He returned to the 
Polytechnic Institute of Brooklyn, and was 
professor of physics and electrical engi- 
neering until the time of his death, Sep- 
tember 4, 1920. 

Doctor Sheldon was frequently called 
upon to give testimony in both the state 
and federal courts, and for many years 
following 1903 was an expert of the Swiss 
Department of Justice and Police. He also 
carried on an extensive consulting engineer- 
ing practice in all branches of engineering. 

He served the Institute as manager for 6 
years, and vice-president for 2 years, in 
addition to holding the presidency. He 
had been chairman of the papers com- 
mittee, 1902-06; chairman of the standards 
committee, 1907-08; chairman of the 
library committee for a number of years 
following 1910, besides serving on various 
other committees. 

Dr. Sheldon was a past-president of the 
New York Electrical Society and a member 
or fellow of a number of other technical 
and scientific societies. He was the author 
and joint author of several college text 
books, had written a number of papers on 
various topics, and contributed extensively 
to encyclopedias and engineering handbooks. 
For several years following 1900 he was edi- 
torial critic for a publisher of technical books. 


ENRY GORDON STOTT was for 

many years active in the design, con- 
struction, and operation of the power 
systems supplying subway, elevated, and 
surface lines of New York City. He was 
also a firm believer in codperation among 
engineers, through the agency of engineer- 
ing societies, and devoted much of his time 
and ability to the welfare and development 
of these professional organizations. 

He was born at Stennis, in the Orkney 
Islands, Scotland, May 13, 1866. After 
preliminary study he was a student at the 
Watson Collegiate School, Edinburgh, and 
then entered the college of Arts and Sciences 
at Glasgow, graduating in 1885 from a 
course in mechanical engineering and 
electricity. In the previous year he had 
entered the employ of the Electric Illumi- 
nating Company of Glasgow. Upon 
graduation he was assistant electrician on 
the SS. “Minia,’”’ belonging to the Anglo- 
American Telegraph Company, and for 
41/. years saw much service in connection 
with repairs to telegraph cable lines. 

In 1889 Mr. Stott was made assistant 
engineer of the Brush Electric Engineering 
Company plant at Bournemouth, England. 
The following year he became assistant 
engineer in the construction of under- 
ground cable and power plants at Madrid, 
Spain, for Hammond and Company. 

In 1891 he came to the United States to 
install an underground cable and conduit 
system at Buffalo, N. Y., for what was then 
the Buffalo Light and Power Company, 
becoming engineer of the company shortly 
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Henry G. Stott 


(A 95, M'96, F'12) 


President 1907-08 


thereafter. From that time until 1901 he 
was one of the most active figures in the 
industrial progress of Buffalo. 

In 1901 he was appointed superintendent 
of motive power for the company which 
later became the Interborough Rapid 
Transit Company, of New York City. Be- 
fore starting actual work, it was necessary 
for him to organize an operating force. In 
1904 he undertook the construction of a 
power plant for the Interborough Rapid 
Transit Company, and from that time until 
his death on January 15, 1917, he was in 
charge of the design, construction, and 
operation of the power generating stations 
and the distributing system of the Inter- 
borough. 

Mr. Stott served the Institute as a 
member of the board of directors for 38 
years preceding his presidency, and was a 
member of a number of the Institute’s 
committees. He served as a vice-president 
of The American Society of Mechanical 
Engineers, 1912-14, director of the Ameri- 
can Society of Civil Engineers, 1911, and 
was vice-president and trustee of United 
Engineering Society at the time of his death. 

Mr. Stott was known for his minute 
analysis of engineering problems, and he 
had passed his information on to others 
through the presenting of a number of papers 
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before the Institute and other societies. 

Mr. Stott was a remarkable figure in the 
engineering world because he was in the 
front rank of both electrical and mechanical 
engineers, because in both branches of the 
art, he was a master of theory and practice, 
and because with these technical qualifica 
tions he combined a rare executive ability, 
a power of inspiring the confidence of his 
employees and of bringing out the best that 
was in the men who worked for him. 
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HE life of Louis Aloysius Ferguson has 
been intimately connected with the tre- 


mendous growth of the electric light 
and power industry. When he entered the 
service of the Chicago Edison Company, 
now the Commonwealth Edison Company, 
Chicago, the original Adams Street station 


Louis A. Ferguson 


(A 01, M ‘04, F °12) 


President 1908-09 


of this company with its 4 200-hp non- 
condensing engines and belted d-c generators 
was just nearing completion. Today, Mr. 
Ferguson is vice-president of the company, 
and its combined generating capacity is 
over 1,000,000 kw. 

Mr. Ferguson was born in Dorchester, 
Mass., August 19, 1867. In 1888 he 
graduated from the electrical engineering 
course at Massachusetts Institute of Tech- 
nology, Cambridge, with the degree of B.S. 
From there he went directly to the under- 
ground distribution department of the 
Chicago Edison Company. 

In 1890 he was appointed electrical engi- 
neer in charge of all electrical engineering 
and electrical construction work of the 
company. Three years later he undertook, 
in addition, the supervision of all soliciting 
and contract work, in which field he was 
especially successful in conducting nego- 
tiations with large mercantile and industrial 
establishments. In 1897 he was appointed 
general superintendent of the Chicago 
Electric Company and a year later was given 
the same position in the Commonwealth 


Edison Company; supervision of the 
operating departments of the company was 
added to his duties. In 1902 he was elected 
second vice-president of both companies, 
in charge of contracts, operating, con- 
struction, and electrical departments. In 
1907 he was elected second vice-president of 
the Commonwealth Edison Company, and 
since 1914 has been vice-president of this 
company. 

Mr. Ferguson early recommended adop- 
tion of the 3-phase a-c system of trans- 
mission to substations, with rotary con- 
version to direct current for general distri- 
bution. He has made notable contributions 
to the development of low voltage distribu- 
tion. He has kept in close touch 
with European engineering developments 
through frequent trips and has applied his 
findings to the Chicago system. Also, he 
has much to do with the development of 
rate structures as used in the United States. 

Mr. Fergtison has served the Institute as 
manager, 1904-07, vice-president 1907-08, 
and as president. He also has been a 
member of the Edison Medal committee, 
board of award of the John Fritz medal, 
the committee of the Washington Award, 
and chairman of the executive commit- 
tee. He is a past-president of the former 
National Electric Light Association and of 
the Association of Edison Illuminating 
Companies. 


Lewis B. Stillwell 


(A ‘92, M ’92, F ‘12, member for life) 
President 1909-10 
Lamme Medalist 1933 


HE INSTITUTE’S Lamme Medal for 

1933 is to be presented at the 1934 summer 
convention to Dr. Lewis Buckley Stillwell 
“for his distinguished career in connection 
with the design, installation, and operation 
of electrical machinery and equipment.” 
This distinguished career extends over a 
. period of nearly 50 years, and includes not 
only the development of a number of pieces 
of electrical equipment used in the early 
days of the industry, but the supervision of 
an impressive list of modern installations, 
particularly in railway electrification. 

Doctor Stillwell was born at Scranton, 
Pa., in 1863. He wasa student in the Latin 
scientific course at Wesleyan University, 
Middletown, Conn., 1882-84, and took a 
special course in electrical engineering at 
Lehigh University, Bethlehem, Pa. In 
1885 he received the degree of electrical 
engineer from Lehigh University. He also 
has received the honorary degrees of master 
of science, Lehigh University, 1907; doctor 
of science, Wesleyan University, 1907; 
and doctor of science, Lehigh University, 
1914. 

From 1886 to 1891, he was employed as 
assistant electrician of the Westinghouse 
Electric and Manufacturing Company, and 
served as chief electrical engineer of that 
company from 1891 to 1897. He was an 
outstanding leader in the development of 
alternating current, and invented the 
“Stillwell regulator” for the adjustment 
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of voltage on outgoing lines. Two other 
inventions which he made and which today 
are more important, are the ‘“‘time limit 
circuit breaker’ and the “diagrammatic 
pilot-control switchboard.” 

His contributions, as Westinghouse engi- 
neer, to the general layout and design of the 
first plant of the Niagara Falls Power 
Company led to his appointment as elec- 
trical director of the latter company, 
which position he held from 1897 to 1900. 

Doctor Stillwell began his practice as a 
consulting engineer in New York City in 
1900, and has filled. engagements with 
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many companies on large and important 
engineering projects, including: the electri- 
fication of the elevated lines of the Man- 
hattan Elevated Railway Company, 1900— 
06; Rapid Transit Subway Construction 
Company, 1900-09; Wilkes-Barre and 
Hazleton Railway, 1902-05; Hudson and 
Manhattan Railroad, 1905-13; Erie Rail- 
road electrification, 1906; United Railways 
and Electric Company of Baltimore, 
Md., 1906-20; Interborough Rapid Transit 
Company, 1909-20; electrification of the 
Hoosac Tunnel of the New York, New 
Haven, and Hartford Railway Company, 
1910-11; New York, Westchester, and 
Boston Railway Company, 1911-15; 
Lehigh Coal and Navigation Company, 
1912-18; New York Municipal Railway 
Corporation, 1913-16; board of economics 
and engineering of the National Association 
of Owners of Railroad Securities, 1921-22; 
Holland vehicular tunnel, 1924-27; and 
Port of New York Authority since 1927. 
Doctor Stillwell has served on many of 
the most important Institute committees, 
including the executive, code of principles 
of professional conduct, public policy (now 
Institute policy) Edison medal, standards, 
and board of examiners. He also has 
represented the Institute on the assembly 
of the American Engineering Council, the 
Engineering Foundation Board, John Fritz 
Medal board of award, and the codrdina- 
tion committee of engineering societies. 
He was a director of the Institute 1896-99, 
a vice-president 1899-1901, and the presi- 
dent 1909-10. He was vice-president of the 
American Engineering Council for 4 years, 
1930-33, inclusive. He is the author of 
several important Institute papers. Doctor 
Stillwell has received a number of awards. 


ELECTRICAL ENGINEERING 


Dugald C. Jackson 


(A ’87, M’90, F 12, member for life) 


President 1910-11 


HROUGHOUT almost the entire his- 
tory of the Institute, Dugald Caleb 
Jackson has been an active member of the 
profession, as an engineering educator and 
as consulting engineer. 

He was born at Kennett Square, Pa., 
February 13, 1865. In 1885, one year after 
the founding of the Institute, he graduated 
from Pennsylvania State College with the 
degree of C.E. He then devoted 2 years to 
postgraduate study in electrical engineering 
at Cornell College, serving as instructor in 
physics in 1887. 

For the next 2 years he was vice-president 
and engineer for the Western Engineering 
Company at Lincoln, Neb., engaged in the 
design and construction of electric light and 
power plants and distribution systems in 
that part of the country. Throughout the 
years 1889-90 he served as assistant chief 
engineer with the Sprague Electric Railway 
and Motor Company, at New York, and for 
the following year was chief engineer of the 
central district of what was then the Edison 
General Electric Company. In these 2 
positions he supervised the design and con- 
struction of many electric railway and power 
plants. 


Gano Dunn 


(A '91, M94, F '12, Life Member) 


President 1911-12 


TRAIGHT thinking, combined with a 
sympathetic nature and a charming 

personality, has done much to account for 
the leadership of Gano Dunn. As an engi- 
neer he has made many original contribu- 
tions to electrical design and application. 
As an executive he has led organizations 
with resourcefulness. In addition, he has 
given freely of his time to Institute activi- 
ties in order that greater progress could be 
made by the entire profession. 

Mr. Dunn was born in New York City, 
October 18, 1870. He attended the College 
of the City of New York, from which he 
graduated with the B.S. degree in 1889; he 
also received the degree of M.S. from that 
institution in 1897. In 1891 he received the 
E.E. degree from Columbia University, and 
the honorary M.S. degree from Columbia in 
1914. 

His professional work began in 1886, in 
the service of the Western Union Telegraph 
Company, where he remained 5 years. He 
then entered the service of the Crocker- 
Wheeler Company at Ampere, N. J., and 
from 1898 until 1911 was vice-president and 
chief engineer of that company. In the 
latter year he was elected vice-president in 
charge of engineering and construction of 
J. G. White & Company, and in 1913, when 
the J. G. White Engineering Company was 
organized to take over the engineering and 
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In 1891 he became a member of the firm 
of D. C. and Wm. B. Jackson, consulting 
engineers; also professor of electrical engi- 
neering at the University of Wisconsin. He 
remained at Wisconsin for 16 years, de- 
veloping the department of electrical engi- 
neering, until, in 1907, he became professor 
of electrical engineering at the Massachu- 
setts Institute of Technology, and head of 
its electrical engineering department. Pro- 
fessor Jackson still holds this position. 

Professor Jackson continued as a member 
of the firm of D. C. and Wm. B. Jackson, 
until the firm of Jackson and Moreland 
was formed shortly after the War. He con- 
tinued as the senior member until 1930. 
The firm has been particularly active in rail- 
way electrification. 

Professor Jackson has given freely of his 
time to the Institute, having served on 16 
of its committees, chairman of 3 of these, 
and a representative of the Institute on 3 
other groups. He was vice-president 1897— 
99, and president. 

During the World War, Professor Jackson 
served overseas as Lieut.-Col. of Engineers. 
He was a member of jury of electrical awards 
at the World’s Columbian Exposition, Chi- 
cago, 1893, and at the Pan-American Expo- 
sition, Buffalo, 1901. In 1929 he was U.S. 
Government delegation to the World Engi- 
neering Congress. He is a chevalier of the 
French Legion of Honor. He is a past- 
president of the Society for Promotion of 
Engineering Education (recipient of its 1931 
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construction work of the parent company, 
Mr. Dunn was made president, which posi- 
tion he still holds. 

While with the Crocker-Wheeler Co., Mr. 
Dunn did much to build up this company 
from a small organization to a large manu- 


facturing concern. Also, many patents 
were granted him on generators, motors, 
rheostats, switches, and on systems of opera- 
tion, control, and regulation. Since joining 
J. G. White & Co. in 1911, he had been re- 
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Lamme Medal), and of the Boston Society 
of Civil Engineers, as well as being a mem- 
ber or fellow of a number of other technical 
societies in this and other countries. He is 
the inventor of a number of electrical de- 
vices, as well as author of many technical 
papers and books on engineering subjects 
and on engineering education. 


sponsible for the design, construction, and 
operation of many public utility properties, 
including hydroelectric developments, cen- 
tral lighting and power stations, electric and 
steam railways, and other services through- 
out the world. 

Mr. Dunn is the author of numerous 
papers on engineering subjects. He has 
served the Institute on 12 of its committees 
and has been the Institute’s representative 
on 9 other bodies. He has also served as 
manager 1897-1900 and 1902-05; and as 
vice-president 1900-02 and 1905-07. 

From 1900-02, Mr. Dunn was president 
of the New York Electrical Society. He 
was president of the United Engineering 
Societies from 1913 to 1916; of the John 
Fritz Medal Board of Award in 1914; the 
Engineering Foundation 1915-16, and vice- 
chairman of the National Research Council 
1917, afterward becoming chairman. 

He was secretary of electric lighting and 
distribution for the International Electrical 
Congress, St. Louis, 1904, and vice-president 
of the International Congress at Turin, 
1911. In 1916-18 was a member of the 
engineering committee of the Council of 
National Defence, and during the war was 
chairman of the State department com- 
mittee on submarine cables. 

Among the numerous engineering and 
scientific societies of which Mr. Dunn is a 
member are the Franklin Institute, Ameri- 
can Society of Civil Engineers, The Ameri- 
can Society of Mechanical Engineers, Insti- 
tution of Electrical Engineers (Great Brit- 
ain), and the Institute of Radio Engi- 
neers. 
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Ralph D. Mershon 


(A '95, A 96, M ‘12, member for life) 


President 1912-13 


ee outstanding engineering contribu- 
tions of Ralph Davenport Mershon 
have been in the field of high voltage trans- 
mission, of which he was one of the pioneers 
some 40 years ago. Since that time he has 
been responsible for the design and construc- 
tion of many important generating stations, 
transmission lines, and substations in differ- 
ent parts of the world. 

Mr. Mershon was born in Zanesville, 
Ohio, July 14, 1868. At the age of 17 he 
was engaged in railway location and con- 
struction for one year. Entering Ohio State 
University, he graduated in 1890 with the 
degree of M.E. He was student assistant in 
physics and electrical engineering during his 
senior year, and for one year following 
graduation was assistant instructor in elec- 
trical engineering. 

During the period of 1891-1900, he was 
employed by the Westinghouse Electric and 
Manufacturing Company at East Pitts- 
burgh, Pa., securing experience in all 
branches of electrical work. The trans- 
formers for which the Westinghouse Com- 
pany received an award at the World’s 
Columbian Exposition, Chicago, 1893, were 
of his design. In 1896-97 he was in charge 
of investigations of phenomena which occur 
between conductors at high voltages, for the 


Telluride (Colo.) Power Transmission Com- 
pany and the Westinghouse Company. 
These original investigations of ionization 
and other atmospheric losses were of great 
importance at that time, and were carried 
up to 133,000 volts. On a leave of absence 
from the Westinghouse Company in 1897— 
98, he was chief engineer for the Colorado 
Electric Power Company. During 1898- 
1900, Mr. Mershon was engineer in the New 


York Office of the Westinghouse company, 
resigning in 1900 to enter the private practice 
of consulting electrical and mechanical en- 
gineer in New York City, in which capacity 
he is still active. He has designed and 
supervised many power plants and trans- 
mission systems in the United States, 
Canada, South Africa, and Japan. 

Mr. Mershon has to his credit many 
inventions, which include the 6-phase rotary 
converter, the compounded rotary con- 
verter, systems of lightning protection for 
electrical apparatus, and a compensating 
voltmeter for which he was awarded the 
John Scott medal of the city of Philadelphia. 

Prior to the war, Mr. Mershon was active 
in the creation of the reserve officers’ train- 
ing corps, and was made a major in this 
corps in 1917. During the war he was de- 
tailed to the Naval Consulting Board, and 
was Lieut.-Col. of Engineers at the time of 
his retirement from military service. 

Mr. Mershon has served on a number of 
the Institute’s committees, and was manager 
1900-03, vice-president 1903-05, and later 
president. He is a member of other techni- 
cal societies in the United States, Canada, 
and England, and is a past-president of the 
Inventors’ Guild. Since 1895, he has been 
the author of a number of technical papers 
of importance to the industry. A paper pre- 
sented in 1897 contained a chart for trans- 
mission line calculations, for which he has 
become widely known. In 1918 Tufts Col- 
lege presented him with the honorary degree 
of doctor of science. 


C. O. Mailloux 


(A °84, M ’84, F '12, Life Member) 


President 1913-14 


YPRIEN O’Dillon Mailloux, a charter 

member of the Institute and active in 

its affairs until his death, October 4, 1932, 

was among that group of pioneers in the in- 

dustry which laid the foundations of electri- 

cal engineering practice and followed its de- 
velopment closely up to recent years. 

Doctor Mailloux was born at Lowell, 
Mass., in 1860. At an early age he went to 
New York City where, in pursuit of pro- 
fessional learning, he was one of the leading 
pupils of Dr. M. I. Pupin, at that time a lec- 
turer on advanced theory of electrical engi- 
neering at Columbia University. 

Following graduation, Doctor Mailloux 
entered upon his career as a consulting elec- 
trical engineer, continuing in this capacity 
until his death. His application for transfer 
to the grade of Fellow in 1912 gives some 
idea of the remarkable range of his activi- 
ties. This application states that in the pre- 
ceding period of 25 years he had the direc- 
tion of electrical work in over 800 jobs, 
ranging from 50 to 25,000 kw or more, in- 
cluding special design of apparatus and ma- 
chinery in hundreds of cases, and that he 
had made at least 100 original inventions, 
over 30 of which had been patented. It also 
was stated that he had done expert work, 
and submitted testimony, reports, and arbi- 
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trations in over 1,000 cases, and had pub- 
lished several dozen original papers and 
articles. 

In addition to having been president, 
Doctor Mailloux served the Institute as 
manager 1886-89, 1905-07, and 1899-1902. 
He also had served as vice-president 1898-99 
and 1902-04. He had served on 5 of the In- 
stitute’s committees, and been a representa- 
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tive of the Institute on 3 other bodies. 

Doctor Mailloux was particularly active 
on the International Electrotechnical Com- 
mission, and on the U.S. national committee 
of this organization. For the U.S. national 
committee of the I.E.C. he had served as 
president 1914-24, chairman of the advisors 
on nomenclature, representative of the Na- 
tional Research Council on the division of 
foreign relations, and honorary president. 
For the I.E.C., he had been president 
1919-28, director of the secretariat on 
nomenclature, and at the time of his death, 
honorary president. For the international 
conference on large electric high-tension sys- 
tems, he had served as honorary president, 
acting also as United States delegate at re- 
cent biennial meetings. 

Doctor Mailloux had been a chevalier of 
the French Legion of Honor. He also had 
received honors in this country, included in 
which was the degree of D.Sc., from Lehigh 
University in 1914. 

Doctor Mailloux was a former editor of 
the Electrical World, having served during 
the early part of his career, and continued 
to be a liberal contributor to technical litera- 
ture throughout his life. Largely through 
his efforts the electrical engineering nucleus 
of the present Engineering Society’s library 
in New York had its origin. In 1903-04, he 
donated several volumes and subscriptions 
to technical periodicals to the library. 

He had been for many years an advocate 
of the use of a universal language to stand- 
ardize techn:cal terms throughout the world. 


ELECTRICAL ENGINEERING 


Paul M. Lincoln 


(A'95, M'98, F'12, member for life) 


President 1914-15 


@= of the most prominent engineers 
and educators in the electrical engineer- 
ing industry is Paul Martyn Lincoln, direc- 
tor of the school of electrical engineer- 
ing at Cornell University. 

He was born in Norwood, Mich., Januery 
1, 1870, and was educated at Western Re- 
serve and at Ohio State universities, re- 
ceiving from the latter the M.E. degree in 
electrical engineering in 1892. He was em- 
ployed first as testing electrician by the 
Brush Electric Company, doing some 
drafting later. The next year, in 1893, he 
went to the Pittsburgh plant of the West- 
inghouse Electric and Manufacturing Com- 
pany, where he took the training course of 
the company. In 1895 he was chosen for 
the position of electrical superintendent in 
charge of water power development of 
Niagara Falls. Hydroelectric development 
was in the early stages then, and the amount 
of power generated, transmitted, and dis- 
tributed by this first plant was so far in 
excess of anything accomplished up to 
that date that it was unique; Mr. Lincoln’s 
responsibilities were considerable as he had 
charge of the operating department. In 


1902 he returned to Westinghouse in Pitts- 
burgh and was in charge of the power 
division of the engineering department for 
6 years. He was appointed general engi- 
neer for the company in 1910, holding that 
position until 1919. At that time he 


resigned from his position with Westing- 
house to join the firm of his older brother, 
the Lincoln Electric Company, as consult- 
ing engineer. From 1911 to 1915 he was 
head of the electrical school at the Univer- 
sity of Pittsburgh, and from 1922 to date he 
has been director of the school of engi- 
neering at Cornell University. 

In 1902 he received the John Scott medal 
award from the City of Philadelphia, upon 
the recommendation of the Franklin Insti- 
tute, for his invention of the synchroscope, 
a device now in universal use wherever a-c 
machines are paralleled. 

Mr. Lincoln has served the Institute as 
manager (1906-09) and as vice-president 
(1909-11). He has been very active on 
Institute committees, serving on the papers, 
and meetings and papers (now technical 
program) committees, on the executive, 
Sections and law committees, and on many 
technical committees, as, power stations, 
protective devices, transmission and dis- 
tribution, electrical machinery, standards, 
instruments and measurements, etc. He 
has served on the board of award of the 
John Fritz medal, and at present is serving 
on the Edison and Lamme medal com- 
mittees. He was a member of the board of 
management of the World’s Congress of 
Engineers, 1928-25. He is a member of 
several scientific and engineering societies in 
the United States. 


John J. Carty 


(A’'90, M'03, F'13, member for life) 


President 1915-16 
Honorary Member 1928 
Edison Medalist 1917 
John Fritz Medalist 1928 


ECAUSE of his innumerable contribu- 
tions to the art of telephony, John 

Joseph Carty ranked from the pioneer days 
of the telephone until his death in 1932 as 
one of the world’s foremost telephone engi- 
neers. He was a prolific inventor and a 
skilful organizer of the inventive genius of 
others. Three of his early achievements 
are fundamental and necessary today: the 
invention of the ‘‘common battery,’ de- 
velopment of the high resistance bridging 
signal bell for subscribers’ substations, and 
the discovery that the principal cause of 
cross interference between telephone cir- 
cuits was electrostatic rather than electro- 
magnetic unbalance. The accomplish- 
ments of his later life and for which he is 
best known in the field of electrical com- 
munication are those of a generalissimo—the 
organization and direction of long distance 
telephony over land, transoceanic radio tele- 
phony and coérdination of the maze of 
factors which make telephony today so mar- 
velously easy. 

General Carty was born in Cambridge, 
Mass., April 14, 1861. He was obliged to 
forego a formal higher education because 
of a temporary impairment of vision. His 
tremendous knowledge he secured through 
original research, experience, scientific read- 
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ing and, as he expressed it, “asking ques- 
tions.’’ In 1879, when he was 18 he entered 
the employ of the Telephone Dispatch Com- 
pany of Boston. There he designed and 
installed the first metallic circuit multiple 
switchboard to be put into service. 

In 1887 he was transferred to New York 
and placed in charge of cable manufactur- 
ing for the Western Electric Company in the 
East and later in charge of switchboard 
development and manufacture, making a 
number of improvements in the design and 
installation of cables and switchboards. 
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Two years later he went to the New York 
Telephone Company as electrician; later 
he became chief engineer. Under his 
direction the New York City telephone plant 
was converted from open wire to cable, and 
from the local battery switchboard system 
to the common battery system. 

He was chief engineer of the American 
Telephone and Telegraph Company from 
1906 to 1909, when he was elected vice- 
president. He consolidated all the labora- 
tories and experimental work into a single 
organization known now as the Bell Tele- 
phone Laboratories. Under his _ leader- 
ship the transcontinental telephone line 
was completed in 1915; a successful demon- 
stration of wireless telephony was made and 
the underground cable system from Wash- 
ington to Boston was completed. In 1925 
he became chairman of the board of directors 
of the organization, retiring in 1930, about 2 
years before his death on December 27, 1932. 

When the United States entered the war 
General Carty was a major in the signal 
corps reserve; he organized the research 
and inspection division for the chief signal 


officer of the American Expeditionary 
Forces. He was responsible for the main- 
tenance of transatlantic communication 


between General Pershing and Washington 
and directed the construction of a long 
distance telephone system covering most 
of France. In 1918 he was promoted to 
colonel and ordered to France as chief sig- 


nal officer. After the Armistice he was 
placed in charge of communications for the 
American Commission to Negotiate Peace. 


Later he was made Brigadier General and 
still later, General. He received the Cross 
of the Legion of Honor of France. 


SO1 


H. W. Buck 


(A’95, M’'01, F'12, member for life) 


President 1916-17 


ie engineering achievements of Harold 

Winthrop Buck have been principally in 
the field of construction of public utility 
properties. As an electrical engineer in 
charge of design and construction, in the 
earlier period of his career, and more 
recently as an executive of the corporation 
of Viele, Blackwell and Buck, consulting 
engineers, New York City, he has been 
identified with many important enterprises 
in the development of electric power. 

Mr. Buck was born in New York City, 
May 7, 1873. In 1894 he graduated from 
Yale University with the degree of Ph.B., 
and received the degree of E.E. from 
Columbia School of Mines in 1895. The 
year 1895-96 was spent as a student in the 
shops of the General Electric Company at 
Schenectady, N. Y., most of this time being 
spent on experimental work on a-c appara- 
tus for Dr. C. P. Steinmetz. 

From 1896 to 1900, Mr. Buck was assist- 
ant to the chief engineer of the lighting 
department of the General Electric Com- 
pany, Schenectady, in which capacity he 
had much to do with the introduction of 
high-voltage a-c distribution in many parts 
of the United States. During that same 
period, he also had charge of much experi- 
mental work leading to the development of 


the oil circuit breaker and other high- 
voltage devices. 

In 1900 he was chosen chief electrical 
engineer of the Niagara Falls Power Com- 
pany and allied interests at Niagara, having 
entire charge of electrical engineering in the 
design and construction of power house No. 
2 on the American side of the Falls, and the 
Canadian Niagara Power Company’s plant 


on the Canadian side; also the terminal 
stations at Buffalo, and engineering in 
connection with the distribution of power in 
Niagara, Tonawanda, and Buffalo. 

In 1906, in codperation with E. M. 
Hewlett, at Niagara Falls, Mr. Buck 
carried on experimental work on high volt- 
age insulators which had much to do with 
the development of the suspension insulators 
now in universal use. 

Since 1908 Mr. Buck has been vice- 
president of Viele, Blackwell and Buck, 
engaged in the design and construction of 
hydroelectric and steam power plants and of 
transmission systems in the United States 
and Canada. In 1925 the International 
Commission made him consulting engineer 
on the investigation of the development of 
some 4,000,000 hp at various sites on the 
St. Lawrence River between Ogdensburg 
and Montreal. 

Mr. Buck has presented a number of 
papers before the Institute and other 
organizations. In addition to serving the 
Institute as president, he was manager 
1907-10, and vice-president 1910-12. He 
has served on 7 of the Institute committees, 
as well as having been its representative on 3 
other organizations. His longest term of 
service was on the Institute’s committee on 
public policy (now Institute policy) on 
which he served continuously from 1914 to 
1929, with the exception of one year. Mr. 
Buck is a member of the Franklin Institute, 
the American Electrochemical Society, and 
the Engineering Institute of Canada. 


OR “his contribution to the development 


of electrical systems and apparatus, 
and for his encouragement of scientific 
research in industry,’ the Institute’s 
Edison Medal for 1931 was presented to Dr. 
Edwin Wilber Rice, Jr. Doctor Rice is one 
of the pioneers in electrical development in 
the United States, and has played a con- 
spicuous part in the building up of the 
General Electric Company, of which he is 
now honorary chairman of the board. 
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E. W. Rice, Jr. 


(A'87, M’88, F'13, member for life) 


President 1917-18 
Honorary Member 1933 
Edison Medalist 1931 


He was born at La Crosse, Wis., May 6, 
1862. As a school boy in Philadelphia, he 
came in contact in 1876 with Prof. Elihu 
Thomson, then a young teacher in the 
Boys’ Central High School. When, in 
1880, Professor Thomson gave up teaching 
to go into electrical manufacturing as 
scientist and inventor, young Rice gladly 
accepted the opportunity to become his 
assistant. 

He went with Thomson to New Britain, 
Conn., in the old American Electric Com- 
pany, and in 1883 went with the professor to 
Lynn, Mass., upon the organization of the 
Thomson-Houston Electric Company. At 
the age of 22 he was made plant super- 
intendent and had full responsibility until 
the consolidation of the Thomson-Houston 
Electric Company and the Edison General 
Electric Company in 1892, under the name 
of the General Electric Company. 

In the new company, Doctor Rice was 
first made technical director, then vice- 
president in charge of manufacturing and 
engineering. He eventually became senior 
vice-president, and, in 1913, he succeeded 
Charles A. Coffin as president of the com- 
pany. In 1922, after 9 years’ service in that 
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office, he was succeeded by Girard Swope. 
Doctor Rice at that time was made honorary 
chairman of the board, which position he 
still holds. 

He has contributed much, through 
organization methods, improved factory 
routine, technical development, and engi- 
neering and scientific inventions, to the 
preéminence attained by the General Elec- 
tric Company. 

His degrees are: honorary A.M., Har- 
vard, 1903; Sc.D., Union College, 1906; 
doctor of engineering, Rensselaer Poly- 
technic Institute, 1917; Sc.D., University 
of Pennsylvania, 1924. Doctor Rice is a 
chevalier of the Legion of Honor of France. 
In 1917 he was decorated by the Emperor of 
Japan with the Third Order of the Rising 
Sun with Cordon. 

In addition to having been president, 
Doctor Rice has served the Institute on 
several committees, and been its representa- 
tive on numerous other groups. He is now 
a member of the committee on economic 
status of the engineer, and a representative 
on the Hoover Medal board of award. 

Doctor Rice has taken out over 100 
patents, many of these being of great 
importance to the industry. He was one of 
the earliest to realize the advantages of 
scientific research, and it was primarily due 
to his foresight and guidance that the 
present research laboratories of the com- 
pany were built up. In addition to his 
unusual engineering ability, his ability as a 
business executive is marked; having been 
in evidence even during the early years. 


ELECTRICAL ENGINEERING 


Comfort A. Adams 


(A'94, M'05, F’'13, member for life) 


President 1918-19 


AMONG the distinguished educators, re- 

search engineers, and technical writers on 
the practice and theory of electrical engineer- 
ing of today, Comfort Avery Adams takes a 
prominent place. From his Chair at Har- 
vard University, which he has occupied as 
Lawrence Professor of Engineering since 
1914, he has always shown a keen interest in 
engineering education, emphasizing not the 
need for less theory, but for a thorough 
working foundation in theory. To his 
mind, the most important problem in the 
whole field of electrical engineering today 
is a more thorough understanding of di- 
electric phenomena in solid and semi-solid 
dielectrics. He has long been active in the 
electric welding field. 

Professor Adams was born November 1, 
1868, in Cleveland, Ohio, and was educated 
at the Case School of Applied Science. 
His talent for teaching came to light early 
in his career, for he assisted Professor A. A. 
Michelson in the physical laboratory for’3 
years during his course. In 1890 he was 
graduated with the B.S. degree. He wasa 
member of the Reid expedition in Alaska 
during the summer and on his return to 
Cleveland in the fall he obtained a position 
as draftsman with the Brush Electric Com- 
pany. Under Sidney S. Short he took part 
in the design of the first geerless railway 
motor. In 1891 he joined the teaching staff 


of Harvard with which he has been con- 


nected since, first as instructor, then 
as assistant professor (1896-06), professor 
(1906-16), Lawrence professor of engineer- 
ing since 1914, dean of the engineering school 
(1919-21). In 1905 he took the E.E. de- 
gree from the graduate school and in 1925 
the university bestowed upon him the 
honorary degree of doctor of engineering. 
Professor Adams has carried on an exten- 
sive consulting practice, acting at present 
as consultant for the American Tool and 


Machine Company of Boston, Okonite Com- 
pany, Okonite Callender Cable Company, 
Babcock and Wilcox, and General Electric. 
He has conducted numerous investigations 
on a-c commutating machines, leakage react- 
ance of induction motors, etc. 


He has served the Institute as manager 
(1912-15), vice-president (1915-17), and has 
participated in the activities of many impor- 
tant committees, as chairman and member 
at various times of the executive committee 
and the committees on public policy (now 
Institute policy), code of professional con- 
duct, research, education, and electric ma- 
chinery. He is now serving on the stand- 
ards and electric welding committees. He 
has been active also in the codperation move- 
ment of the engineering societies, taken part 
in the organization of what is now the 
American Standards Association, acting 
as its first chairman. He reorganized the 
engineering division of the National Re- 
search Council after the war, is a charter 
member of the American Engineering 
Council and took part in the organization 
of its predecessor, the Federated Ameri- 
can Engineering Societies. He has repre- 
sented the Institute as member and presi- 
dent of the John Fritz medal award board 
and served on Edison medal committee. 

During the war Professor Adams served 
as chairman of the general engineering com- 
mittee of the Edison Commission of the 
Council of National Defense; chairman of 
the welding committee of the Emergency 
Fleet Corporation, and chairman of the 
electrical engineering section of the National 
Research Council. 


Calvert Townley 


(A’01, M'07, F'12) 


President 1919-20 


N UNUSUAL combination of engi- 
neering skill and managerial ability 
from the commercial standpoint made 
Calvert Townley one of the most con- 
spicuous engineers in the railroad and utili- 
ties fields. He was a capable technical 
adviser, executive, and a very able engineer 
in the practical work of design, construc- 
tion and equipment. 
He was born in Cincinnati, Ohio, October 
18, 1864, and was graduated from the 
Sheffield Scientific School of Yale with the 
degree Ph.B. in 1886 and M.E. in 1888. 
For a short time Mr. Townley worked on 
the rebuilding of the central lighting station 
‘of the Brush Electric Company of Cincin- 
nati. During most of the period from 1887 
to the time of his retirement in 1931, he 
was connected with the Westinghouse 
interests in various positions. He was 
erecting engineer in office charge of the 
design of electric lighting distribution sys- 
tems (1887), commercial executive 
(1888-95), manager for the Boston branch 
(1895-97; 1898-1900) and also associated 
with the Pittsburgh group of engineers in 
installation and equipment work throughout 
the New England states. During this 
period he was connected with the electrical 
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equipment of the South Terminal of Boston 
and of the elevated railway system, and the 
installation of the polyphase transmission 
system and city lighting system of the Hart- 
ford Electric Light Company. He was 
general agent for the Westinghouse interests 
in New York (1901-04) in charge of large 
transportation interests in and about the 
city; he was concerned with the equipment 
of the Brooklyn Rapid Transit, Inter- 
borough Rapid Transit, and New York 
City railway systems. 

From 1904 to 1911 he was associated with 
the New York, New Haven, and Hartford 
Railroad, in various executive capacities 
and as technical adviser. One of the im- 
portant projects upon which he worked in 
both capacities was the electrification of the 
railroad’s lines out of New York City. 
About this time the company began ac- 
quiring utility companies and Mr. Townley 
was appointed first vice-president of the 
holding company to manage their utilities 
as a side issue. The ‘‘side issue’? reached 
such magnitude that after completing 
electrification plans and drawing specifica- 
tions, Mr. Townley asked to be relieved of 
construction duties and became consulting 
engineer for the railroad in the management 
of utilities. 

He returned to the Westinghouse Com- 
pany in 1911 as assistant to the president, 
remaining in that position until 1931 when 
he retired. He died on November 27, 
1933. He was also president of the Lacka- 
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Valley 


railroads, 
vice-president of the International Radio 


wanna and Wyoming 


Telegraph Company and an officer and 


director of many other organizations. He 
was an active participant in Institute 
affairs, serving as manager (1905-8) and 
vice-president (1908-10) and as committee 
man at various times 
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N THE field of electric motor control, 
Arthur William Berresford occupies an 
outstanding place. From _ observations 
made in early postgraduate days, Mr. 
Berresford became convinced that proper 
control devices would make possible ex- 
tended use of electric motors and generators, 
and to the problems of construction and 
application he bent all his characteristic 


Arthur W. Berresford 


(A '94, M ’06, F 14, member for life) 


President 1920-21 


energy, inventiveness and ability to direct 
and coérdinate the work of others. 

He was born in 1872 in Brooklyn, and in 
1892 graduated from Brooklyn Polytechnic 
College with the degree B.S. in electricity; 
the following year he received the degree 
M.E. in electricity from Cornell University. 
His first job was electrician for the Brooklyn 
City Railroad Co., overhauling motors 
and assisting in trolley line construction, 
etc. It was a small beginning, in his 
opinion, but very probably many of his 
ideas were forming which materialized later, 
as the next year, 1894, while employed 
in sales and installation work for the H. B. 
Coho Company, he carried on _ experi- 
mental work of a “private nature.” 

Then he was designer for the Riker 
Electric Company for about a year, going 
to the Ward-Leonard Electric Company in 
1896 to take charge of the detail design of 
the apparatus and the testing of all ma- 
terial shipped. This company manu- 
factured rheostats and electric controlling 
devices. In 1898 he organized his own 
manufacturing business with 2 associates, 
purchasing the defunct Iron Clad Rheo- 
stat Company and renaming it the Iron 
Clad Resistance Company. In 1900 he 
sold the concern to The Cutler-Hammer 


Manufacturing Co., entering the engineering 
department and becoming superintendent 
in 1901. Later he was made secretary and in 
1905 general manager and vice-president. 

In many problems, the rheostat as such 
plays merely an incidental part, and the 
knowledge, application, and devising of 
means for meeting the problems form by 
far the more important part, and in this 
phase of the work Mr. Berresford demon- 
strated his productiveness and ability as 
a shop manager and director as well as a 
designer. He was in charge of and re- 
sponsible for the entire output of The 
Cutler-Hammer Co. and directly in touch 
with and responsible for the detail engineer- 
ing and designing as well as manufacture of 
such intricate devices as have made possible 
hoisting and conveying machinery, elec- 
trically operated printing-presses, steel mill 
motors, elevators, etc. 

During the war Mr. Berresford was 
chairman of the general war service com- 
mittee of the electrical manufacturing 
industry. In 1926 he entered the field of 
electric refrigeration as vice-president of 
the Nizer Corporation of Detroit, which 
merged to form the Electric Refrigeration 
Corporation. Since 1929 he has been 
managing director of the National Electric 
Manufacturers’ Association. He has given 
unstintingly of his time to Institute affairs, 
as manager (1909-12), vice-president (1912- 
14) and ascommitteeman. He isa member 
of other technical societies and the recipient 
of various medals and awards. 


William McClellan 


(A '04, M09, F’12) 


President 1921-22 


CASUAL glance over the record of the 

youth and young manhood of William 
McClellan would make it appear that he 
was destined for an academic life; as a 
matter of fact this academic experience 
formed an excellent basis for his later 
career as a prominent engineer and econo- 
mist in the electric traction and public 
utilities fields. 

He was born in Philadelphia in 1872 and 
graduated from high school at 17 years of 
age, taking a postgraduate course in elec- 
trical engineering the following year. 
He was an assistant in engineering for 1 
year at Swarthmore college, and then 
taught mathematics and physics in the 
high schools of Philadelphia for 7 years. 
At the same time he studied at the Uni- 
versity of Pennsylvania for the B.S. degree, 
which he received in 1900; in 1903 he 
received the Ph.D. degree. He was in- 
structor in electricity and magnetism in 
the department of physics at the university 
from 1900 to 1905. A number of years 
later he returned to the university as dean 
of the Wharton School of Finance and 
Commerce, and in later years continued his 
connection with the university as director 
general of the alumni society and as trustee. 

From 1900 to 1904 Doctor McClellan 
also worked in various capacities for the 


804 


+ 


Traction 
Transit companies, some of his important 
assignments being the erection of a large 
car barn and the rebuilding of a large 
power house, including erection of engines, 
boilers, generators, motors, lighting switch- 


Union and Philadelphia Rapid 


boards, cables, etc. In 1905 he went to 
New York to do responsible design work 
for the Westinghouse Church, Kerr and 
Company on the lighting and power dis- 
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tribution for the Pennsylvania Railroad 
terminal. He also had charge of the layout 
and installation of a high-voltage substation 
and the car equipment for the Erie Railroad, 
and was design consultant of the Edison 
Illuminating plants at Brockton, Mass. 

From 1907 to 1915 Doctor McClellan 
was vice-president of the Campion Mc- 
Clellan Company and was responsible for 
all the mechanical and electrical engineering, 
design, and construction handled. He drew 
up numerous reports on power plants and 
water power developments and took charge 
of the complete mechanical and electrical 
equipment and installations for various 
manufacturing plants. From 1915 to 1920 
he was a member of the firm, Paine, Mc- 
Clellan and Campion. Between 1919 and 
1921 he was vice-president of the Cleve- 
land Electrical Illuminating Company. In 
1922 he became a member of the firm of 
McClellan and Junkersfeld, remaining in 
this firm until, in 1929 he was elected 
vice-president of Stone and Webster Engi-: 
neering Corporation. At present he is 
president of William McClellan and Com- 
pany, Ltd., and of the Potomac Electric 
Power Company of Washington, D.C. 

He was consulting engineer for the Public 
Service Commission of the 2nd district, 
New York State, from 1911-13 and a mem- 
ber of the President’s commission on Muscle 
Shoals in 1925. During the war he was 
director of the intercollegiate intelligence 
bureau in Washington. He has served the 
Institute over a long period of years as 
officer and committeeman. 


ELECTRICAL ENGINEERING 


aes outstanding leader in the field of 
telephone research during the past 30 
years is Dr. Frank Baldwin Jewett. 
Throughout this period he has been in active 
charge of the research work of the American 
Telephone and Telegraph Company and its 
affiliated organizations. 

Doctor Jewett was born at Pasadena, 
Calif., September 5, 1879. In 1898 he 
graduated from Throop Polytechnic Insti- 
tute (now the California Institute of Tech- 
nology) at Pasadena, with the degree of 
B.A. In 1902 he received the degree of 
Ph.D. from the University of Chicago. 
Doctor Jewett then went to the Massa- 
chusetts Institute of Technology, Cam- 
bridge, where he continued study and was 
instructor in physics and electrical engi- 
neering. 

In 1904, Doctor Jewett entered the em- 
ploy of the American Telephone and Tele- 
graph Company and was shortly thereafter 
given charge of its engineering research 
work. From 1908 to 1912, Doctor Jewett 
was transmission and protection engineer, 
responsible for the development of much 
equipment. 

In 1912 he became assistant chief engineer 
of the Western Electric Company, and in 
1916 was appointed chief engineer, having 
charge of the research laboratories of that 
company; 6 years later he became vice- 
president. During Doctor Jewett’s associa- 
tion with this company, many of the most 
important advances in the field of communi- 
cations were made. 


Frank B. Jewett 


(A'03, M10, F'19) 
President 1922-23 
Edison Medalist 1928 


In 1925 Doctor Jewett became vice- 
president of the American Telephone and 
Telegraph Company, in direct charge of the 
department of development and research 
(now combined with the Bell Telephone 
Laboratories, Inc.) and at the same time 
was elected president and a member of the 
board of directors of the Bell Telephone 
Laboratories, Inc., conducting the labora- 
tory and research work formerly done by 
the engineering department of the Western 
Electric Company. He now holds these 
positions. 

In 1917 Doctor Jewett was commissioned 
major in the Signal Corps, U.S. Reserves, 
and was later that year promoted to 
lieutenant-colonel in the Signal Corps of the 
regular Army. For his service during the 
war, he received the Distinguished Service 
Medal. 

During 1915-18 Doctor Jeweit was a 
manager of the Institute, a vice-president 
1918-19, and president 1922-23. He has 
served on some 15 of the Institute’s com- 
mittees, and as its representative on 8 other 
bodies. He has presented many papers and 
articles before the Institute and other 
organizations. He has been active in The 
Engineering Foundation and the National 


Research Council. 
Doctor Jewett is a term member of the 


Massachusetts Institute of Technology 
Corporation, and a member of the com- 
mittee on Carnegie Institute of Technology. 
He has received s-veral honorary degrees. 
The Fourth Order of the Rising Sun has 
been bestowed upon him by the Japanese 
Government. 


Harris J. Ryan 


(A'87, M'95, F’'23, member for life 


President 1923-24 
Edison Medalist 1925 


i 1889, Dr. Harris Joseph Ryan presented 
before the Institute a paper on trans- 
formers, which was immediately recognized 
as aremarkable one, reaching into the future 
and exploring the unknown field of high- 
voltage phenomena. It is the continued 
exploration of high-voltage phenomena over 
a period of some 40 years that distinguishes 
the work of Doctor Ryan. 

He was born at Powells Valley, Pa., 
January 8, 1866. When an _ electrical 
engineering course was first inaugurated at 
Cornell University in 1883, he entered, 
graduating in 1887 with the degree of M.E. 
in E.E. For the next 2 years he was 
associated with J. G. White & D. C. Jackson 
in general engineering practice at Lincoln, 
Neb., under the firm name of the Western 
Engineering Company. In 1889 he re- 
turned to Cornell to take charge of the 
electrical machinery laboratory, and since 
that time has been concerned principally 
with scientific research, although he has 
always been interested primarily in prac- 
tical applications. 

He then started the investigation of high 
voltages in the laboratory at Cornell, con- 
structing under his supervision much of the 
equipment necessary. In 1890 he was 
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electrical 


professor in 
engineering, and in 1895, when only 29 years 
of age, he was appointed professor in full 


chosen assistant 


charge of electrical engineering. For a 
number of years following 1900, he con- 
ducted important experiments on the 
cathode ray oscillograph. 

In 1905 Doctor Ryan became head of the 


electrical engineering department at Stan- 
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ford University, Calif. Doctor Ryan held 
this position continuously until 1931, when 
he retired from active teaching and execu- 
tive duties. He is now professor emeritus 
of electrical engineering at Stanford, and 
honorary director of the Ryan research 
laboratory. 

In the high-voltage laboratory built for 
him by Stanford University in 1913, much 
research was carried on which contributed 
to the present-day success of high-voltage 
transmission. The Harris J. Ryan high- 
tension laboratory at Stanford University 
built in 1926, stands as a fitting monument 
to the untiring energy and ability of the man 
whose name it bears. 

Doctor Ryan has served the Institute on 
11 of its committees, and has been its 
representative on other bodies. He was 
manager 1893-96, vice-president 1896-98, 
as well as president. He also has given his 
time to several other technical societies. 

Doctor Ryan was director of the super- 
sonics laboratory of the National Research 
Council, Pasadena, Calif., 1918-19. Dur- 
ing 1909-23 he served as consulting engineer 
for the Los Angeles Aqueduct 
Bureau. 

In 1925 the degree of LL.D. was con- 
ferred upon him by the University of 
California. He was judge, board of awards, 
at the World’s Fair, Chicago, 1893; U.S. 
delegate to the International Electrical 
Congress, St. Louis, 1904; and member of 
the jury, Panama Pacific International 
Exposition, San Francisco, 1915 


Power 


SOS 


Farley Osgood 


(A’05, M11, F'12) 


President 1924-25 


Hae professional activities of Farley 
Osgood may be divided into 2 parts, 
the first of which, 14 years in length, was 
concerned with the telephone industry, and 
the second, 25 years in length, was concerned 
with the electric light and power industry. 
Doctor Osgood was born at Chelsea, 
Mass., in 1874. In 1897, he graduated 
from a 6-year course at Massachusetts 
Institute of Technology, part of the time 
between 1894 and 1897 being spent in the 
engineering department of the American 
Bell Telephone Company at Boston. 
Between 1897 and 1898, he was traveling 
engineer for the new England Telephone 
and Telegraph Company, covering their 
territory in Massachusetts, Maine, and 
New Hampshire, making inspections and 
installations. In 1898, he went to New 
Jersey with the New York and New Jersey 
Telephone Company, acting as chief clerk 
in the operating department, as special 
plant engineer, as confidential man to the 
vice-president, and as division manager, 
until 1904. In the latter year he became 
chief engineer and general manager of the 
new Milford (Conn.) Power Company. 
Here he had charge of the construction 


work for the company, and organized its 
operating forces. 

The second phase of Doctor Osgood’s 
career began in 1908, when he joined 
the organization of the Public Service 
Electric Corporation of New Jersey (now 
Public Service Electric and Gas Company) 
as general superintendent. In 1917, he 


became vice-president and general man- 
ager of this company, remaining in this 
position until 1924, when he retired to 
undertake private practice in New York as a 
consulting engineer. Doctor Osgood main- 
tained this latter activity until his death 
October 6, 1933. 

Doctor Osgood has served the Institute 
in many capacities, having been manager 
1911-14, vice-president 1914-16, as well as 
president. He was chairman of the New 
York Section 1921-22, and has been a mem- 
ber of the following committees: Edison 
Medal, executive, finance, safety codes, 
standards, codrdination of Institute activi- 
ties, education, meetings and papers (now 
technical program), and Institute policy. 
He had also been the Institute’s representa- 
tive on many bodies, including the electri- 
cal committee of the National Fire Protec- 
tion Association, the national joint com- 
mittee on overhead and underground line 
construction, joint power factor committee, 
Charles A. Coffin fellowship and research 
fund committee, American Engineering 
Council, John Fritz Medal board of award, 
ana the U.S. national committee of the 
International Electrotechnical Commission. 
He was a member of the New York Elec- 
trical Society and the former National 
Electric Light Association. 

In 1925 he received the honorary degree of 
doctor of engineering from Rensselaer Poly- 
technic Institute. 


M. |. Pupin 


(A’90, F°15, member for life) 


President 1925-26 
Honorary Member 1928 
Edison Medalist 1920 
John Fritz Medalist 1932 


HE career of Michael Idvorsky Pupin 

is one of the most unusual in the history 
of science, and it is indeed fortunate that 
because of his unusual ability as a writer, 
the story of this career has become known to 
thousands through his autobiography, 
“From Immigrant to Inventor.’’ 

Doctor Pupin was born at Idvor, Banat, 
Hungary, October 4, 1858. Displaying 
unusual talent at an early age, he was sent 
to Prague, Czecho-Slovakia, to prepare for 
higher education, but being attracted by 
America, ran away from Prague and came to 
New York in 1874. After having struggled 
to save sufficient funds, he entered Columbia 
College, graduating in 1883 with the degree 
of B.A. He afterward studied physics and 
mathematics at the University of Cam- 
bridge, England, and the University of Ber- 
lin, Germany, obtaining from the latter his 
Ph.D. in 1889. 

Returning to America in the latter year, 
he became instructor of mathematical 
physics at Columbia University. In 1892, 
he became adjunct professor of mechanics, 
and in 1901 was appointed professor of 
electromechanics. He was appointed direc- 
tor of the Phoenix Research Laboratory of 
Columbia University in 1903, and retained 
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this position as well as his professorship 
until 1929, when he retired from active 
service with the title of professor emeritus in 


active residence. 
this latter position. 

Doctor Pupin is widely known for his 
important inventions; his significant con- 
tributions to knowledge in a-c theory, the 
passage of electricity through gases, long 
distance communication, and many other 
scientific subjects; and his many publica- 
tions. 


Doctor Pupin now holds 


50th ANNIVERSARY NUMBER 


Many of Doctor Pupin’s inventions have 
proved to be commercially successful. 
Following several years’ study, a patent for 
electrical tuning circuits was granted him, 
and sold to the Marconi Company in 1902. 
He was the first to produce an X-ray photo- 
graph in this country as a guide to surgical 
operations, and at that time, in 1896, he 
also invented a method of rapid X-ray 
photography. He also made the important 
discovery of secondary X-ray radiation. 

One of his most outstanding contribu- 
tions was the mathematical solution of 
electrical transmission over telephone wires 
with induction coils periodically recurring at 
specific points; this led to the construction 
of the so-called loaded telephone conductor 
now used for long-distance telephone com- 
munication. He made fundamental con- 
tributions in the rectification of waves. 

His ability as a teacher is widely recog- 
nized, and many men who later became 
prominent were among his pupils. 

In 1892-95, Doctor Pupin was a manager 
of the Institute, and a vice-president 1895- 
97, and 1901-08, and later president. He 
has served on many of its committees. He 
is a past-president of the Institute of Radio 
Engineers, past-chairman of The Engineer- 
ing Foundation, and a member of many 
other societies. He has received the medal 
of honor of the Institute of Radio Engi- 
neers, 1924; Cresson Medal of the Franklin 
Institute, 1902; Prix Herbert, French 
Academy, 1916; Social Science Medal, 
1920; Washington Award, 1928; as well as 
the John Fritz medal 1932, and the Insti- 
tute’s Edison medal, 1920. He has received 
some 18 honorary degrees. 
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C. C. Chesney 


(A’94, M’99, F'13, member for life) 


President 1926-27 
Edison Medalist 1921 


(CUMMINGS C. Chesney is well known 

as a pioneer in designing a-c generators 
for high voltages and many other develop- 
ments in a-c machinery and high power 
transmission. He has built up an enviable 
record as a designer, operating engineer and 
organizer, first receiving wide recognition as 
one of the developers of the S. K. C. (Stan- 
ley, Kelly, Chesney) apparatus. In 1921 he 
was awarded the Edison Medal for his early 
contributions to the development of a-c 
transmission. 

He was born in Selingsgrove, Pa., Oc- 
tober 28, 18638. He was graduated from 
Pennsylvania State College in 1885, and for 
3 years taught mathematics and chemistry 
at the Doylestown (Pa.) Seminary. In 1888 
he joined William Stanley’s laboratory force 
at Great Barrington, Mass., working on ex- 
perimental chemistry and electrodynamics, 
and the following year entered the services 
of the United States Electric Lighting Com- 
pany in Newark. 

In 1890 he moved to Pittsfield, Mass., and 
became a member of the Stanley Labora- 
tory Company; in 1893 when the Stanley 
Electric Manufacturing Company was or- 
ganized, he assumed the formal title of chief 


Bancroft Gherardi 


(A'95, M'04, F'12, member for life) 


President 1927-28 
Edison Medalist 1932 


INCE the early days of the telephone 
Bancroft Gherardi has been an out- 
standing figure. His initiative and skill in 
the development of engineering and operat- 
ing organizations and in the development of 
the art generally have contributed enor- 
mously to the growth and success of present- 
day communication. 

Mr. Gherardi was born April 6, 1873, in 
San Francisco, Calif., and received his edu- 
cation at the Polytechnic Institute of 
Brooklyn, N. Y., taking the degree B.S. in 
1891. In 1893 he received the M.E. degree 
from Cornell, and in 1894 the master’s de- 
gree in mechanical engineering. The follow- 
ing year he entered the employ of the New 
York Telephone Company (then the Metro- 
politan Telephone and Telegraph Company) 
where he worked under John J. Carty for 4 
years, quickly winning promotion because of 
his work in improving the cable practice of 
the company. He was engaged on various 
problems, planning the scientific arrange- 
ment of control stations; he had charge of 
the planning and supervising of the under- 
ground systems and conductor arrangements 
installed for the city of New Rochelle, N. Y. 
He also made a study of the efficiency of 
telephone transmission on underground 
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supervising and designing engineer and the 
position of first vice-president. In these 
capacities he was largely responsible for the 
design, manufacture, and installation of 
switchboard instruments, high-voltage arc 
breaking devices, frequency indicators, in- 
dicating wattmeters, lightning protection 
for high- and low-voltage currents, condens- 


ers, belt-driven alternators, the first re- 
volving field type of alternator, etc. Shortly 
after Mr. Chesney and his colleagues de- 
veloped the well-known S. K. C. system, the 
first polyphase transmission plant equipped 
with the system was installed and put into 
successful operation, in 1893, at Housatonic 
and Great Barrington, Mass. In 1895 a 
12,000-volt plant was installed for service 
from Lowell to Grand Rapids, Mich. Many 
other installations followed. Two-phase a-c 
induction motors, electrostatic condensers 
at 500 volts and transformers of 100-light 
capacity were developed. In developing the 
transformer all spaces in the coils were filled 
with gilsonite to provide better heat dissipa- 
tion and insulation. This and the develop- 
ment of cloth treated with oxidized linseed 
oil occurred as early as 1892. 

In 1906 the General Electric Company 
acquired the Stanley company and Mr. 
Chesney became Pittsfield works manager 
and chief engineer, holding this position un- 
til 1927. Under his supervision particular 
progress was made in the development of 
apparatus for commercial service up to 220,- 
000 volts, and successful tests of 1,000,000 
volts for transmission purposes were com- 
pleted. He is now an honorary vice-presi- 
dent of the General Electric Company. 

He has taken an active interest in the 
affairs of the Institute, serving as manager 
(1905-08), as vice-president (1908-10) and 
as committeeman over a long period of 
years. 


‘ 


cables of various types and aerial circuits of 
various sizes of wire. 

In December 1899 Mr. Gherardi became 
engineer of the traffic department of the 
company and was responsible for reeommen- 
dations for new switchboards and additions 
to switchboards required. In 1901 he be- 
came chief engineer of the New York and 
New Jersey Telephone Company, in re 
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sponsible charge of the planning and con- 
struction of all central office buildings. He 
made a study of the conditions of telephone 
development in the New Jersey territory, 
which involved laying comprehensive un- 
derground and aerial lines, based upon the 
estimated development of the future. He 
gave special attention to the commercial 
application of the Pupin loading coils to the 
underground cable system. 

He was assistant chief engineer of the 
New York Telephone Company, 1906-07. 
He became engineer of plant of the American 
Telephone and Telegraph Company, 1907-— 
18, acting chief engineer and chief engineer, 
1918-20, and since 1920 he has been vice- 
president and chief engineer. He is a direc- 
tor of the Michigan Bell Telephone, Cuban 
American Telephone and Telegraph Com- 
panies, the 195 Broadway Corporation, and 
the Bell Telephone Laboratories, Inc. 

Mr. Gherardi has been an active partici- 
pant in Institute affairs, having served as 
manager, 1905-08 and 1914—17, and as vice- 
president, 1908-10. At various times he 
has been a member of Institute committees, 
including executive, finance, and research. 
He is now serving on the committee on In- 
stitute policy. He has represented the Insti- 
tute on the board of trustees of the United 
Engineering Trustees, Inc., the national 


committee of the International Electro- 
chemical Commission, the National Re- 
search Council and on other bodies. Heisa 
member of several important technical so- 
cieties in the United States 

S07 


UDOLPH Frederick Schuchardt was 


one of the outstanding leaders in 
central station engineering, and a man who 
served the Institute enthusiastically and 
effectively in many of its activities. In 
addition to his splendid qualifications as an 
electrical engineer, he maintained adher- 
ence to principles of the highest type, and 
had a keen interest in the development of 
individual engineers. 


R. F. Schuchardt 


(A’'03, M’09, F’'12) 


President 1928-29 


Mr. Schuchardt was born in Milwaukee, 
Wis., December 14, 1875, and in 1897 gradu- 
ated from the electrical engineering course 
of the University of Wisconsin. Following 
graduation he spent a short period with the 
Janesville (Wis.) Electric Light and Power 
Company, later in that year joining the 
staff of Meysenberg and Badt, Chicago, as 
engineering salesman. In July 1898, he 
entered the employ of the Chicago Edison 
Company (later the Commonwealth Elec- 
tric Company and Commonwealth Edison 
Company) remaining in this organization 
until the time of his death, October 25, 
1932. 

Starting in this company, first as a sub- 
station operator for a few weeks and then in 
charge of the company’s exhibit at the 
Trans-Mississippi Exposition, Omaha, Ne- 
braska, he spent one year in the statistical 
department of the company. During the 
period 1899-1906 he was in the testing 
department, going through all phases from 
assisting to acting head. In 1906 he be- 
came engineer of electrical construction, 
having charge of this work for all sta- 
tions and substations. In 1909 he was ap- 
pointed electrical engineer of the company, 
subsequently having the title of chief 
electrical engineer. From 1909 until his 
death in 1932 he was intimately connected 


Harold B. Smith 


A’91, M’01, F'13, member for life) 


President 1929-30 


HE career of Harold Babbitt Smith was 

fundamentally that of an educator, 
supplemented by engineering research in 
the field of high voltage, and with consult- 
ing engineering practice. He was head of 
the department of electrical engineering at 
Worcester Polytechnic Institute throughout 
practically its entire existence up to the 
time he retired in June 1931. He also con- 
tributed freely of his time and support to 
the technical societies. 

Professor Smith was born at Barre, Mass., 
May 23, 1869. In 1891 he graduated from 
Cornell University with the degree of M.E. 
in electrical engineering, remaining there 
as a graduate student several months there- 
after. 

In January 1892 he was appointed pro- 
fessor of electrical engineering in charge 
of the department at the University of 
Arkansas. Resigning from this position in 
December of that year, he became head de- 
signer and electrical engineer for the Elek- 
tron Manufacturing Company, Springfield, 
Mass. During the period 1893-96 he was 
director of the department of electrical en- 
gineering at Purdue University. It was in 
1896 that he became professor of electrical 
engineering and director of the department 
at Worcester Polytechnic Institute, which 
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position he held until his retirement in 1931. 


His death occurred February 9, 1932, at 
Worcester, Mass. 

Profess r Smith retained his connection 
with the Elektron Manufacturing Company 
as consulting engineer until 1902, and did 
consulting work for several other organiza- 
tions at various times. From 1905 until 


1931, he had served as a consulting engineer 
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with the development of the company. 

Mr. Schuchardt made many contribu- 
tions to electrical literature since the 
presentation before the Institute in 1897 of 
his first paper “Electricity Meters of Today”’ 
which attracted considerable attention. 
He has long been active in the Institute. 
He served on many committees including 
the education, power generation, power 
transmission and distribution, protective 
devices, standards, Technical Program, 
executive, electrical machinery, law, Edison 
Medal, and public policy committees, as 
well as on the committee on code of prin- 
ciples of professional conduct. He has also 
been the Institute’s representative on 5 
other bodies. In addition to the presi- 
dency, Mr. Schuchardt served as vice- 
president of the Institute 1922-24. 

Mr. Schuchardt also was chairman of the 
Chicago section of the Illuminating Engi- 
neering Society, chairman of the technical 
national section of the former National 
Electric Light Association, and member of 
the Western Society of Engineers (chairman 
electrical section 1913), the Society for the 
Promotion of Engineering Education, and 
the Institution of Electrical Engineers, of 
Great Britain. He has been chairman of 
the public affairs committee of the American 
Engineering Council, and in 1929 was a dele- 
gate to the World’s Engineering Conference 
in Japan. He also has been active in civic 
affairs. 

In 1907, Mr. Schuchardt was awarded 
the Chanute Medal of the Western Society 
of Engineers. 


for the Westinghouse Electric and Manu- 
facturing Company. 

Professor Smith was one of the pioneers in 
the development of high-voltage power 
transmission systems and equipment, and 
carried on many researches involving di- 
electric phenomena and stress distribution. 
He held numerous patents on his inven- 
tions, and had contributed many papers to 
the various engineering societies of which he 
was a member. 

He was chairman of the international 
group, jury of awards in electrical engineer- 
ing at the St. Louis Exposition, 1904. Dur- 
ing 1917-19, he was an associate member of 
the Naval Consulting Board and consultant 
of the special board of the Navy on anti- 
submarine work. 

Professor Smith had served the Institute 
as manager 1920-24, vice-president 1924-26, 
and as president. He had served on 13 
of the Institute’s committees, being par- 
ticularly interested in the Sections and 
Student Branches committees, and the 
educational committee. He had been the 
Institute’s representative on 4 other groups. 
Professor Smith was a member of the Ameri- 
can Society of Mechanical Engineers, 
Institution of Electrical Engineers (Great 
Britain), Society for the Promotion of Engi- 
neering Education, and the American As- 
sociation for the Advancement of Science. 

Two honorary degrees were conferred 
upon him in 1929; these were doctor of en- 
gineering from Purdue University and from 
Worcester Polytechnic Institute. 
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[ae development of the electric power 
industry in the southeastern part of 
the United States was the constant endeavor 
throughout the engineering and business 
career of William States Lee. Mr. Lee was 
one of the outstanding figures in the indus- 
try at the time of his recent death, March 24, 
1934. 

Mr. Lee was born in Lancaster, S. C., 
January 28, 1872. He received the degree 
of C.E. from The Citadel, the Military 
College of South Carolina, in 1894. He re- 
ceived the honorary degree of doctor of laws 
from this institution in 1932, and that of 
doctor of science from Davidson College, 
N. C., in 1929. 

Following graduation, he was obliged to 
teach 2 years, in return for the free scholar- 
ship to the Citadel, which he had won in a 
competitive examination. 

In 1897 he was appointed resident engi- 
meer at the Anderson (S. C.) Light and 
Power Company. In 1898 he became resi- 
dent engineer of the Columbus (Ga.) 
Power Company, becoming chief engineer 
of this company in 1902. He next went 
with the Catawba Power Company, Char- 
lotte, N. C., being appointed chief engineer 
in March 1903, and vice-president and 
ehief engineer in October of that year. 
This company was a subsidiary of the 
Southern Power Company, and in 1905 he 
became chief engineer of the latter company. 
He later received the appointment of vice- 
president and chief engineer, which position 
he held for about 15 years. At the time of 
his death in March of the present year, Mr. 


W. S. Lee 


(A'04, M'05, F'13) 


President 1930-31 


Lee was vice-president and chief engineer 
of the Duke Power Company, Charlotte, 
N. C., and president of W. S. Lee Engineer- 
ing Corporation of New York and Char- 
lotte. 

Mr. Lee held a number of other offices, 
being president and chief engineer of the 
Piedmont and Northern Railway Company, 
vice-president and chief engineer and direc- 
tor of the Wateree Power Company, 
Western Carolina Power Company, and 
Catawba Power Company. 

Mr. Lee was long associated with the late 
James B. Duke, and together they were 
active in the construction of many power 
systems and the development of hydro- 
electric resources in the south. Probably 
Mr. Lee’s most notable achievement was the 
designing and building of the Duke Power 
Company system, consisting of some 32 
hydroelectric stations and 7 steam electric 
stations, with a generating capacity of more 
than 1,000,000 kva. He also designed and 
supervised the building of the Duke-Price 
Power Company’s Isle Maligne station on 
the Saguenay River, Quebec, Canada. He 
was consulting engineer for the Alcoa Power 
Company, and designed the Beauharnois 
Plant which is now being constructed on 
the St. Lawrence River, near Montreal; 
when completed it will probably be the 


C. E. Skinner 


(A'99, M'03, F’12) 


President 1931-32 


N UNUSUAL record of service has 
been made by Charles Edward Skinner, 
who not only spent over 42 years participat- 
ing in the engineering development of one 
industrial concern, but who has worked for 
the advancement of the entire profession 
for a period of many years. His record with 
the Institute is striking, in that he has 
served on 17 of its committees, having been 
chairman of several of these, and has been 
its representative on 10 other bodies. As 
an officer, in addition to having been presi- 
dent, he was manager 1915-19, and vice- 
president 1919-20. 

Doctor Skinner was born near Redfield, 
Ohio, May 30, 1865. He studied at Ohio 
University and Ohio State University, 
graduating from the latter in 1890 with the 
degree of M.E. On August 16, 1890, he 
joined the organization of the Westinghouse 
Electric and Manufacturing Company and 
remained with that company continuously 
until his retirement from the company 
January 1, 1933. Living at Wilkinsburg, 
Pa., he has continued his support of the 
Institute’s affairs, and has taken part in 
many other endeavors. 

His first position with the Westinghouse 
Company was as a machinist in charge of 


May 1934 


largest hydroelectric plant in the world. 
Mr. Lee has given freely of his time to 


the Institute, having been a manager 
1911-14, and a director 1929-80, in addi- 
tion to having been president. He has 
served on 8 of the Institute committees and 
been its representative on several other 
bodies. He was particularly active in 
American Engineering Council, having been 
its president for the 2 years 1932-33. He 
was a member of several other societies. 


controllers. 


of railway 
In 1891 he was put in charge of all insula- 
tion design as well as testing, and in 1892, 
in addition, took up magnetic testing and 


the manufacture 


the development of magnetic materials. 
He remained in charge of this latter work for 
many years. 

In 1906 Doctor Skinner organized the 


50th ANNIVERSARY NUMBER 


research division of the engineering depart- 
ment of the Company, and was responsible 
for the organization and equipment of the 
chemical, physical, and process laboratories, 
as well as the high voltage test laboratories. 
Through his efforts a laboratory for more 
fundamental research was determined upon 
in 1915, and he had charge of the building, 
equipping, and organization of the personnel 
of this laboratory. In 1920 he was made 
manager of the research department, having 
direct charge for the next 2 years. In 1922 
he was made assistant director of engineer- 
ing, holding this position until his retire- 
ment at the beginning of 1933. 

Doctor Skinner has for many years been 
particularly active in the field of standardi- 
zation and has been chairman of American 
and international standards associations. 
He has many times been a delegate to 
international congresses and commissions at 
meetings in various cities in Europe, and in 
Japan, and was chairman of the American 
delegation at 2 of the meetings of the Inter- 
national Electrotechnical Commission. 

Doctor Skinner is a member of a very 
large number of technical societies, and has 
published many writings on insulation, 
testing, magnetics, research, standardiza- 
tion, and education. In 1927 he received 
the honorary degree of doctor of science from 
Ohio University. In 1931 Doctor Skinner 
was awarded the Lamme Medal of Ohio 
State University, one of the 3 medals estab- 
lished by the late Benjamin G. Lamme 


SOY 


Harry P. Charlesworth 


(Member 1922, Fellow 1928) 


President 1932-33 


ARRY Prescott Charlesworth ranks 
among the outstanding engineers in 
the field of telephone plant engineering 
having handled with repeated success large 
responsibilities in the Bell system, which 
required an executive ability of the highest 
order and a thorough understanding of 
engineering principles and practice. 

He was born in Haverhill, Mass., April 7, 
1882, and after attending the public school 
and Wheeler’s Academy there, he entered 
Phillips-Exeter Academy in Exeter, N. H., 
where he prepared for college. He received 
the B.S. degree from the Massachusetts 
Institute of Technology in 1905 and im- 
mediately joined the staff of the American 
Telephone and Telegraph Company, then 
located in Boston. 

For the first 2 years he worked in the cir- 
cuit development division of the engineering 
department. Then in 1907 he was trans- 
ferred to the toll traffic division. 

During the period 1907 to 1919 he was 
assigned to special problem work. Among 
the more important of these assignments 
were the development of alternating high- 
voltage telegraph systems and the develop- 
ment of systems for use with small gauge 
long cable circuits. He also acted as ad- 
visory engineer to the Chesapeake and 


Potomac Company in important matters 
having to do with the Government tele- 
phone requirements in Washington, from 
1917 to 1919 during the course of the War. 

In 1919 he became equipment and trans- 
mission engineer of the engineering de- 
partment of the American Telephone and 
Telegraph Company, and a year later he 
was appointed plant engineer, taking re- 


John B. Whitehead 


(A’‘00, M’08, F'12, Life Member) 


President 1933-34 


“tags Boswell Whitehead, now serving 
the Institute as president for the 
1933-34 term, has long been prominent in 
the academic field for his work as a teacher 
and for his outstanding researches on the 
problems of dielectrics and corona phe- 
nomena. He is also well known as a con- 
sulting engineer in these latter fields. 

He was born at Norfolk, Va., August 18, 
1872, and studied at Johns Hopkins Univer- 
sity, receiving the degrees E.E. (1893), B.A. 
(1898) and Ph.D. (1902). His first position 
was with the Westinghouse Electric and 
Manufacturing Company, working in the 
shop, laboratory and engineering depart- 
ment for one year and designing for 2 
years. In 1897 he was plant engineer for 
the Niagara Falls Power Company and in 
charge of the plant of the Pittsburgh Reduc- 
tion Company. From 1898 to 1904 he 
was instructor in electrical engineering at 
Johns Hopkins, becoming associate pro- 
fessor of applied electricity in 1905. In 
1919 he became professor, and since 1919 
has been dean of the school of engineering. 

In addition to teaching Doctor White- 
head has carried on an extensive consulting 
practice. From 1899 to 1900 he worked for 
the Rowland Multiplex Telegraph System. 
In 1902 he undertook research work with 
the Bureau of Standards, and from 1902 to 


810 


sponsible charge of the design of the tele 
phone properties and having general super 
vision over the entire plant engineering worl 
of the Bell system. He has acted as con 
sulting engineer for the chief engineers anc 
executive managers of the associated Bel 
companies throughout the country. 

In 1928 he was elected vice-president o 
the Bell Telephone Laboratories, Inc., wher 
he directed development, research anc 
related activities pertaining to the art o 
telephonic communication. In 1933 hi 
resigned to accept his present position a: 
assistant chief engineer of the American Tele 
phone and Telegraph Company in New York 

Mr. Charlesworth has been especially 
generous in giving his time to Institut 
activities. He was a manager (1924-27) 
chairman of the meetings and papers (nov 
technical program) committee (1927-29) anc 
chairman of the New York Section (1929) 
In 1930 he became vice-president (represent 
ing district No. 3) and a member of th 
board of directors. He has participated a: 
member and chairman of many committees 
At present he is serving on the executive 
Institute policy, and Edison medal com 
mittees, the special committee on mode 
registration law, and represents the Institute 
on the John Fritz medal award committee 
He is a member of the board of United Engi 
neering Trustees, Inc., and a member o 
National Research Council, division of en 
gineering and industrial research. He is ¢ 
member of the corporation of the Poly: 
technic Institute of Brooklyn. 


» 


1905 he was research assistant at the Car- 


negie Institution. From 1900 to 1908 he 
had charge of the power plant of the univer- 
sity. Over a period of 12 years, from 
1900 to 1912, he was consulting engineer 
for the Maryland Railways Company. A 
noteworthy piece of work he did for the 
company was the design and supervision of 
the installation of the single-phase equip- 
ment for the Baltimore-Annapolis Short 
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Line (1906-08). In later years his work or 
high-voltage insulation has been outstand 
ing. He has been consultant and directoy 
for various projects in this field supportec 
by the former National Electric Light As 
sociation, Utilities Research Commissio1 
of Illinois and the Engineering Foundation. 

Doctor Whitehead has been active it 
Institute affairs for many years. He 
founded the Baltimore section and was it: 
chairman for 19 years. He has served as < 
member of the board of directors (1924-28) 
chairman of the electrophysics commit 
tee (1912-16), and research committe 
(1922-27). From its inception he has bee 
identified with the work of the latter. I: 
1927 he organized the committee on electri 
cal insulation of the National Researcl 
Council’s division of engineering and indus 
trial research, serving continuously a 
chairman. He also is serving on the execu 
tive and Edison medal committees of the 
Institute and is the Institute’s representa 
tive on American Engineering Council, th 
John Fritz medal award committee, anc 
the Charles A. Coffin fellowship and re 
search fund committee. 

He served as major in the engineerin; 
division of the Reserve Officers Corps dur 
ing the War. In 1926 he was exchang 
professor in engineering and applied scienc 
to France. Honors awarded him includ 
the Edward Longstreth Medal and th 
Elliott Cresson Gold Medal of the Franklis 
Institute, the Montefiore award, and th 
Medaille d’Honneur of the University o 
Nancy, France, 1927. 


ELECTRICAL ENGINEERIN( 


Honorary Members and Medalists 
Other Than Those Who Served Terms as Presidents 


Biographical sketches of Honorary 
Members of the Institute and the 
recipients of its medals are given on 
the following pages, excepting only 
those Honorary Members and medalists 
who also served terms as presidents of 
the Institute. Biographical sketches of 
this latter group have been given on the 
preceding 23 pages. 


Sir William Preece 


Honorary Member 1884 


ae first regular meetings of the Insti- 

tute following organization meetings 
were held on October 7 and 8, 1884. A 
few days later, on October 21, Sir William 
Henry Preece, pioneer in the electrical 
industry in Great Britain, was elected as 
the first Honorary Member of the Institute. 
He had much to do with the laying of the 
foundations of applied electricity, in tele- 
graph engineering in particular. He was 
born in England on February 15, 1834. 
After leaving King’s College, London, 
where he was educated, he spent a short 
time in the telegraph engineering offices of 
Edwin and Latimer Clarke, and in 1853 
joined the Electric and International Tele- 
graph Company. After a number of years’ 
experience in the telegraph companies, 
he became a divisional engineer under the 
British post office, when, in 1870, the vari- 
ous telegraph companies were transferred 
to the State. He subsequently became 
electrician and later engineer-in-chief to 
the post office, retiring in 1899, when he 
took up a consulting practice. Sir William 
Preece’s official duties did not deter him 
from taking a very active part in the affairs 
of the engineering profession. He was a 
member of many scientific societies, and 
contributed largely to their proceedings. 
For the Institution of Civil Engineers and 
for the Institution of Electrical Engineers 
(both of Great Britain) he served as presi- 
dent and he was at one time chairman of 
the council of the Royal Society of Arts. 
He was a Fellow of the Royal Society. 

Mr. Preece’s name is connected with 
many improvements and inventions in 
telegraph work. At the age of 21 he pat- 
ented a system of duplex telegraphy; 
he subsequently took out a number of 
patents on railway signaling apparatus, 
although most of his inventions concern 
telegraph apparatus directly. He also 
invented a new telephone in 1878, and was 
proud in later years of having, in 1892, 
originated a system of signaling across 
space by induction telegraph with the aid 
of 2 parallel telegraph lines. Upon the 
introduction of wireless telegraphy, Mr. 
Preece became an active supporter of this 
new method of communication, and main- 
tained an active interest in the progress of 
science until he died, November 6, 1913. 
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Moses G. Farmer 


(Associate 1884) 


Honorary Member 1890 


[HE THIRD individual to be awarded 

honorary membership in the Institute 
was Prof. Moses Gerrish Farmer, a charter 
member, whose election on October 21, 
1890, followed that of Dr. Norvin Green 
(see p. 788 this issue). 

Professor Farmer was born February 9, 
1820, at Boscawen, N. H. He studied at 
Dartmouth College 1840-43. After having 
charge of a private school, he gave up this 
work in 1847 to devote his entire time to 
scientific pursuits. In this year he in- 
vented an electromagnetic engine, and in 
an exhibition at Dover, N. H., on July 26 
of that year, transported passengers on a 
miniature electric railroad. After lecturing 
on this invention a number of times, he 
opened a telegraph office at South Framing- 
ham, Mass., and there devised an electri- 
cal fire alarm system. This was shown 
by him in Boston in 1849, and afterward 
perfected in conjunction with Dr. W. F. 
Channing. The system was first placed 
in operation in 1852. Professor Farmer 
subsequently devised many machines and 
much equipment of importance in the very 
early days of the electrical industry. In 
1852, he devised a system of 2 or more 
closed circuit repeaters, and in 1853 pat- 
ented apparatus for simultaneous trans- 
mission of 4 messages on one wire. He 
then became interested in dial telegraphy, 
duplex and multiple transmission, and the 
manufacture of rubber insulation. Be- 
coming interested in electric lighting, in 
1859 he invented an automatic regulator 
for controlling current to electric lamps, 
and illuminated his own house by elec- 
tricity that year. Among his many other 
activities, he is reported to have been the 
first to construct a self-excited magneto- 
electric machine. Professor Farmer was 
connected with many scientific associa- 
tions of the day. He died at Chicago, 
Ill, May 25, 1893, where be had gone to 
prepare an exhibition of his early inventions 
for the Columbian Exposition. 


Cyrus W. Field 


Honorary Member 1892 


(anus West Field, promotor of sub- 
marine telegraphy, was elected an 
Honorary Member of the Institute May 
17, 1892. Like many of those connected 
with the early history of the Institute, his 
principal activity was in the telegraph 
industry. 

He was born November 30, 1819, in 
Stockbridge, Mass. At the age of 15 he 
entered a mercantile house in New York, 
but when about 20, went into business for 
himself and soon became prosperous. In 
1853 he partially retired and spent several 
months in travel. Meeting a Canadian 
engineer, who had attempted to lay a sub- 
terranean telegraph line across Newfound- 
land, Mr. Field’s imagination was immedi- 
ately fired with the idea of laying a sub- 
marine cable across the Atlantic ocean. 
From this time, January 1854, until the 
transatlantic cable was successfully com- 
pleted July 27, 1866, Mr. Field worked 
unceasingly in the accomplishment of this 
endeavor. He put a large part of his own 
funds into the enterprise, and succeeded 
in interesting many others in the venture. 
The first cable was received from England 
and was to be laid across the Gulf of St 
Lawrence, but during a gale the cable was 
cut in order to save the ship after 40 miles 
had been laid. Additional financing, which 
became necessary, was secured in England, 
and by an appropriation of the U.S. Con- 
gress. Starting from the shore of England, 
335 miles of cable were laid, when the 
cable parted on August 11, 1857. In 1858, 
a cable was started from each shore, and 
after considerable difficulty, was spliced 
on July 29. While celebration of this 
event was going on, the cable parted, and 
it was not until 1865 that the work of lay- 
ing the cable was again begun. The now 
famous steamship “Great Eastern’? was 
used in this endeavor, and after unsuccess- 
ful attempts, the laying was completed in 
1866. Many honors were bestowed upon 
Mr. Field in the United States, England, 
France, and Italy, for his success. Mr. 
Field subsequently became interested in 
the development of elevated railways in 
New York City, and in other submarine 
cables. His death occurred July 11, 1892. 

Mr. Field shared with Professor Farmer 
the distinction of being the only American 
elected to honorary membership until the 
election of Thomas A. Edison in™1928. 
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Lord Kelvin 


Honorary Member 1892 
John Fritz Medalist 1905 


ILLIAM THOMSON, first Lord Kel- 

vin, the noted British scientist, past- 
president of the Institution of Electrical 
Engineers, Great Britain, was elected an 
Honorary Member of the Institute, May 
17, 1892. Lord Kelvin was born in Belfast, 
Ireland, June 25, 1824. He graduated 
from St. Peter’s College, Cambridge, in 
1845, where he won notable honors. At 
the age of 22, he became professor of natu- 
ral history at the University of Glasgow, 
and remained with that institution the 
rest of his life. He was elected a chancellor 
of the university in 1904. He was knighted 
in 1866, as one who had done more than 
any other scientific man to develop sub- 
marine telegraphy. In addition to many 
inventions in telegraphy, he originated the 
quadrant electrometer, improvements on 
the compass, and several other inventions. 
In 1892, he was made a peer by Queen 
Victoria, and subsequently received a 
great many honors. Lord Kelvin made 
many contributions to fundamental theory 
of electricity. He had a passion for the 
investigation of natural phenomena, and 
had acquired a mastery of mathematics 
that served him as a valuable instrument 
of research and partly accounted for his 
remarkable precision of thought. His par- 
ticipation in the activities of scientific and 
engineering organizations, long after their 
power to confer distinction upon him had 
ceased, deserves emulation. His death oc- 
curred December 17, 1907. 


E. W. von Siemens 


Honorary Member 1892 


R. Ernst Werner von Siemens, inventor, 

promoter of the telegraph and other 
early electrical apparatus, and a founder 
of the German firm of Siemens and Halske, 
was elected to honorary membership in the 
Institute July 17, 1892. Doctor Siemens 
was born in Germany in 1816, the eldest 
of 7 brothers, all of whom achieved dis- 
tinction in the pursuit of science. His 
early life was spent in acquiring an educa- 
tion at the Gymnasium of Lubeck, and 
afterward in the study of military prac- 
tice and theory. At the age of 28, he was 
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appointed superintendent of artillery work- 
shops and devoted his attention to the ap- 
plication of mechanical, electrical, and 
chemical science to the defences of his coun- 
try. About 1848, Doctor Siemens pro- 
posed the use of subterranean instead of 
overhead telegraph lines, and invented a 
machine for applying seamless gutta-percha 
to the conductor. 
retired from the army, and commenced to 
devote his whole energy to investigations 
of theoretical and applied science. His 
numerous achievements in practical elec- 
tricity include dial and printing telegraphs, 
development of the duplex telegraph cir- 
cuit, apparatus for localizing faults in elec- 
tric cables, the polarized relay, an electrical 
range-finder, and the development of the 
self-excited dynamo, and methods of arma- 
ture winding. In 1879, he exhibited an 
electric railway in Berlin. One of the 
earliest forms of self-regulating arc lamps 
also is attributed to this prolific inventor. 
He received from the University of Berlin, 
in 1860, the honorary degree of Ph.D. 
Among other honors, a patent of nobility 
was conferred upon him by the Emperor 
Frederick III, and he had received the high- 
est scientific order of his country, the Prus- 
sian order, ‘‘for merit.’’ Doctor Siemens 
died December 6, 1892. 


André Blondel 


(Associate 1905) 


Honorary Member 1912 


ANDRE E. Blondel, who is now professor 
of applied electricity at l’Ecole Na- 
tionale des Ponts et Chaussées, Paris, 
France, was elected an Honorary Member 
of the Institute January 12, 1912. He was 
born at Chaumont, France, in 1863. Gradu- 
ating from the universities of Paris and 
Dijon in 1889, he was then appointed en- 
gineer in the Department of Ponts et Chaus- 
sées (civil engineering). From 1890 to 
1927 he was engaged in the lighthouse 
service of that department, successively 
with the titles of engineer-in-chief and in- 
spector-general. Since 1904 he has held 
his present position of professor of applied 
electricity. During his long’ service, he 
has been instrumental in introducing many 
important changes in signaling on the 
coasts of France, principally by wireless. 
In 1897 he conducted an exhaustive series 
of experiments on the electric arc. These 
led him to study the measurement of elec- 
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trical quantities and to develop the art of 
photometry, upon which he has long been 
a leading authority. His investigations 
have been extended to the advancement 
of electrical theory and practice in relation 
to many types of equipment, including 
generators, motors, and transmission equip- 
ment, and he has to his credit many inven- 
tions. His published contributions to the 
science of electrical engineering have been 
extensive. He has presided over commit- 
tees and commissions, national and inter- 
national, and has received many. honors. 


C. E. L. Brown 


Honorary Member 1912 


HARLES Eugene Lancelot Brown, 

famous Swiss engineer and organizer 
of Brown, Boveri and Company, was elected 
on January 12, 1912, to be an Honorary 
Member of the Institute. He was born 
in Switzerland in 1863, the son of an engi- 
neer of exceptional ability. After a year’s 
apprenticeship, he organized an electrical 
department in the locomotive plant at 
Basle, and in 1874, at the age of 20, he 
entered the service of the Oerlikon Engi- 
neering Works, for which, 2 years later, he 
became director of the electrical department. 
In 1885, he conceived a type of armature 
winding for rotating machines now com- 
monly used. The following year he undertook 
d-c high-voltage transmission, developing 
several unusual features of equipment. 
Turning to a-c machinery, in 1889, he 
designed some of the first oil-insulated 
transformers, and produced generators 
suitable to the new requirements. In 1891 
he organized his own concern of Brown, 
Boveri and Company, at Beden, Switzer- 
land, where he took up the development of 
the revolving-field type of alternator. The 
following year the concern undertook the 
commercial production of induction motors. 
Among the many developments which Mr. 
Brown pioneered, the introduction of slow- 
speed machines was one most frequently 
connected with his name. He did much 
original work in the design of switch and 
control gear, and in the development of 
the steam turbine. In 1900 he became 
president of the board of directors of Brown, 
Boveri and Company, retaining this posi- 
tion until 1911 when he retired. In 1912 
a honorary doctor’s degree was conferred 
upon him by the technical college of Karls- 
ruhe. His death occurred May 2, 1924. 
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Emil A. Budde 


Honorary Member 1912 


DES Emil Arnold Budde, prominent 
German scientist and electrical engi- 
neer, was elected an Honorary Member of 
the Institute January 12, 1912. Doctor 
Budde was born July 28, 1842. He was 
educated at the gymnasiums of Arnsberg 
and Dusseldorf and at the University of 
Bonn, where after graduation he became 
assistant in mathematics and _ physics. 
During the Franco-German war he was a 
war correspondent for the Koln Zeitung, 
later becoming editor and then foreign 
correspondent. In 1887 he opened a pri- 
vate laboratory in Berlin and in 1892 was 
appointed physicist with the Siemens and 
Halske Company, of which organization 
he was director from 1893 on, for many 
years. He contributed largely to German 
scientific publications. Doctor Budde was 
official delegate for Germany with Helm- 
holtz at the International Electrical Con- 
gress at Chicago in 1893. He was one of the 
founders of the Verband Deutscher-Elec- 
trotechniker of which he served as secretary 
and later president. He was president of 
the International Electrotechnical Com- 
mission succeeding Dr. Elihu Thomson. 
Doctor Budde died August 19, 1921. 


S. Z. de Ferranti 


(Associate 1903, Member 1906) 


Honorary Member 1912 


EBASTIAN Ziani de Ferranti was one 

of the pioneers in the field of electric 
power distribution in Great Britain, and in 
recent years had made many contributions 
in radio development. He was born at 
Liverpool, England, April 9, 1864, and 
was educated at St. Augustine’s College, 
Ramsgate, and University College, London. 
At any early age he displayed unusual 
ability in machine design, and when be- 
tween 10 and 12 years old he had produced 
original drawings demonstrating his ex- 
traordinary grasp of detail. Continuing 
to direct his attention to the development 
of electrical devices throughout his life, he 
had to his credit inventions in various 
lines which are among the most notable 
contributions to the electrical art. When 
22 years of age he began his work of supply- 
ing London with electricity from a plant 
remote from the city, and in 1891 the 
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scheme was perfected and the regular trans- 
mission of current at 10,000 volts to the 
city was initiated. The large Ferranti 
power plant at Hollinwood was started in 
1895. In the construction of this and other 
early power plants, Mr. Ferranti showed 
great ingenuity in overcoming the difficul- 
ties which were constantly arising. In 
recent years Doctor Ferranti had been in- 
terested chiefly in radio developments and 
devoted exhaustive study to audio- 
frequency transformers, which he brought 
to a high degree of perfection. His con- 
tributions to the profession have been 
marked. In 1910 Doctor Ferranti was 
elected president of the Institution of Elec- 
trical Engineers, of Great Britain, and in 
1926 was elected to honorary membership 
in this institution. On January 12, 1912, 
Doctor Ferranti was elected an Honorary 
Member of the A.I.E.E. His death oc- 
curred January 13, 1980. He received the 
honorary degree of Sc.D. from the Univer- 
sity of Manchester in 1911; in 1924 he 
received the Faraday medal of the Institu- 
tion of Electrical Engineers, and in 1927 
he was elected a fellow of the Royal Society. 


Antonio Pacinotti 
Honorary Member 1912 


ROFESSOR Antonio Pacinotti, origi- 

nal inventor of the d-c dynamo with 
its commutator, and of the ring and toothed 
types of armature, was born at Pisa, Italy, 
June 17, 1841; his death occurred in that 
city on March 24, 1912, only a few weeks 
after his election on January 12, 1912, as 
an Honorary Member of the Institute. 
Under the direction of his father he early 
began the study of electromagnetism, and 
by the time he was 17 years of age had the 
principles of the d-c generator well in mind, 
constructing in 1860 the celebrated machine 
which 10 years later was reinvented by 
Gramme. After 3 years of experimenta- 
tion ‘with his models, Professor Pacinotti 
published an illustrated description of his 
dynamo in the Nuovo Cimento in 1864, but 
this received little attention at the time. 
The machine described by the young 
Italian embodied for the first time the ring 
armature with its symmetrically grouped 
coils closed upon themselves and connected 
to the bars of a commutator, the brushes 
of which delivered practically non-fluctuat- 
ing current. Early in his work the Italian 
inventor discovered the reversibility of 
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the dynamo of his creation, having noted 
that if the machine were supplied with 
energy from an outside source it would run 
as a motor. In 1862 he was appointed to 
the assistant professorship of astronomy 
at Florence, and, having to renounce carry- 
ing out his electrical experiments on the 
enlarged scale he had planned, then pre- 
pared the Nuovo Cimento description of his 
generator already mentioned. In 1864 he 
received the professorship of applied phys- 
ics at Bologna and in 1873 was appointed 
professor of physics at Cagliara. At the 
Vienna exposition in 1873 he exhibited his 
dynamo model made in 1860, and for the 
first time received wide credit. A medal 
of progress was granted Professor Pacinotti 
at Vienna, and other medals of honor were 
given him in 1881 at Paris. At the time of 
his death he was professor of technological 
physics at the University of Pisa and 
senator of the kingdom of Italy. 


S. P. Thompson 


(Associate 1897) 


Honorary Member 1914 


CiiveNgs Phillips Thompson, noted 
physicist and electrical engineer of 
Great Britain, and celebrated as a teacher 
and writer on electricity and magnetism, 
was elected an Honorary Member of the 
Institute March 138, 1914. He was born 
at York, England, June 19, 1851. Upon 
graduation from London University in 
1869, he took up the study of chemistry 
and physics at the Royal School of Mines, 
also studying at foreign universities. In 
1875 he received the degree of B.S. from 
the University of London,. and in 1878 
that of Sc.D. from the same university. 
He became professor of experimental phys- 
ics at Bristol University College in the 
latter year. Here he began a series of 
investigations covering a wide range of 
problems in physics and electricity, be- 
coming an authority on the subject of 
dynamo-electric machines. In 1885 he be- 
came principal and professor of physics at 
the City and Guilds Technical College at 
Finsbury, London. At the time of his death 
June 138, 1916, he was principal and pro- 
fessor of electrical engineering at this college. 
He was a fellow of the Royal Society, and 
was a past-president of the Institution of 
Electrical Engineers, of Great Britain, 
Doctor Thompson had also made many 
contributions to the history of science and 
philosophy. 
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Guglielmo Marconi 


Honorary Member 1917 
John Fritz Medalist 1923 


UGLIELMO Marconi, Italian inventor, 

famous for establishing wireless teleg- 
raphy on a commercial basis, was elected 
an Honorary Member of the Institute on 
August 14, 1917. He was born in Italy 
on April 25, 1874, and was educated pri- 
vately. In 1895 the idea became firmly 
rooted in his mind that a system of teleg- 
raphy through space, could be provided 
by means of electromagnetic waves, the 
existence of which had already been deter- 
mined. Marconi was the first to devise 
practical means by which these waves 
could provide a new method of communi- 
cation. In 1896 he went to England, 
taking out during that year the first patent 
ever granted on wireless telegraphy. An 
extensive series of experiments followed, 
and his first commercial company was or- 
ganized in 1897. During the next few 
years, he took out many patents on 
new devices in wireless telegraphy, and had 
much to do with the remarkable growth 
of this industry in many countries of the 
world. He also was one of the pioneers in 
the use of short-wave for radio communi- 
cation. During the World War, Marconi 
served in both the Italian Army and Navy; 
and also visited America as a member of 
the Italian War Commission to the U.S. 
Government. He was appointed a dele- 
gate to the Peace Conference in Paris in 
1919. Among the many honors he has re- 
ceived are the Nobel Prize for physics in 
1909, the Albert Medal of the Royal Society 
of Arts, of Great Britain, and the 1932 
Kelvin Medal of the Institution of Civil 
Engineers, of Great Britain. He has been 
decorated with the Italian order of St. 
Maurice and St. Lazarus, and with the 
Grand Cross of the Crown of Italy. In 
1915 he was nominated senator of the King- 
dom of Italy. In the United States, he 
has received the Franklin and John Fritz 
medals and Medal of Honor of the Institute 
of Radio Engineers. He is president of the 
Marconi Wireless Telegraph Company, 
Ltd., at London, England. 


Oliver Heaviside 


Honorary Member 1918 


LIVER Heaviside, English scientist, 

who has been recognized as one of the 
most eminent exponents of electrical 
science, particularly for his development 
of the electromagnetic theory, was elected 
to honorary membership in the Institute 
on February 14, 1918. Mr. Heaviside was 
born in England in 1848, and lived there 
until his death in 1925. His retiring char- 
acter and desire to avoid society, partly 
due to almost complete deafness since 
childhood, has resulted in his name being 
unknown to the general public, but those 
who have come in contact with his work 
regard him as an illustrious successor to 
Wheatstone, Maxwell, and Kelvin. He 
lived alone in a cottage at Lower Warberry, 
Torquay, England, in poverty, a pension 
of £200 a year having practically been 
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forced upon him. While he wrote papers 
of great value for the Philosophical Maga- 
zine of the Royal Society of London and 
for the London Electrician, for which he 
received but scant remuneration, these 
papers were difficult to read and little 
known. No pictures of him exist and few 
of his admirers ever met him. His writings, 
however, had considerable practical value, 
particularly his mathematical theory of 
the value of distributed  self-induction 
in long distance telephony, a theory which 
was later used for practical application and 
to telephony, establishing a new epoch in 
this field. The Royal Society, of England, 
had elected him to fellowship. 


Ferdinand Foch 


Honorary Member 1921 


ERDINAND Foch, Marshal of France 

from August 9, 1917, until his death, 
March 20, 1929, was made an Honorary 
Member of the 4 national societies of civil, 
mining and metallurgical, mechanical, and 
electrical engineers, at an impressive cere- 
mony held in the Engineering Societies’ 
Building, New York City, on February 13, 
1921. This award was made to “the 
world’s greatest soldier in recognition of 
his unparalleled service to mankind.” 
In Marshal Foch’s brief speech of response 
he paid tribute to the engineering pro- 
fession in the following words: “It was 
due largely to engineering and the engi- 
neering industry that the war was brought 
to a successful conclusion. To the engi- 
neering profession also we are indebted 
for many great lessons which will be vital 
to mankind in the future. The armies 
could not have done a great deal without 
the effort of the engineer. Success was 
made possible to a great extent by the in- 
dustry of the people at home but when it 
became a question of decision, when the 
decisive moments arrived, the engineer 
stood out as an essential factor in complete 
triumph. What would have become of 
the armies without the technical training, 
without the professional knowledge which 
you have exercised for the Allies and which 
enabled us to lead our armies in the field, 
to feed them, to protect them, and to fa- 
cilitate their advance quickly and deci- 
sively? It is for these reasons that I am 
pleased to find you here today, to receive 
from you so splendid a welcome and to 
express my gratitude and the gratitude of 
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France, as well as the recognition of my 
countrymen for the tremendous sacrifices 
made by you and the men of your calling. 
I am grateful to you for including me in 
your ranks as a member of the 4 great en- 
gineering societies of the United States.” 


Thomas A. Edison 


(A'84, M°84, member for life) 
Honorary Member 1928 
John Fritz Medalist 1908 


HOMES Alva Edison, the outstanding 
inventor in the history of the electrical 
industry, was born at Milan, Ohio, Feb- 
ruary 11, 1847. The following minute, 
adopted by the Institute’s board of direc- 
tors shortly after Mr. Edison’s death, 
indicates briefly the tremendous scope of 
his activity: “The physical life of Thomas 
Alva Edison, world benefactor, ended on 
Sunday, October 18, 1931. The spiritual 
benefits of his contributions to humanity 
continue to live. His genius, vision, pa- 
tience, persistence, industry, and widely 
diversified talents, which brought to frui- 
tion many of his conceptions, have con- 
tributed greatly to the comfort, conveni- 
ence, and happiness of mankind, and his 
achievements constitute a great incentive 
and inspiration to those who follow. In 
particular, his invention of the incandes- 
cent electric lamp and his conception, more 
than 50 years ago, of the combination of a 
central generating station with a suitable 
distributing system for electrical energy, 
firmly establish him as the founder of the 
electric lighting industry of the world. He 
was the outstanding world leader in the 
group of inventors, scientists, and engi- 
neers whose achievements in technology 
have produced great social and economic 
benefits, including the employment, in use- 
ful occupations throughout the civilized 
world, of tens of thousands of men and 
women. He was respected and admired 
by his associates who cherish their memory 
of his ability, simplicity, and other personal 
characteristics. Mr. Edison was, in 1884, 
one of the signers of the call for the organi- 
zation meeting of the American Institute 
of Electrical Engineers, and he was elected 
a vice-president at the first election of offi- 
cers; later he was elected an Honorary 
Member. _ His achievements caused a group 
of his associates and friends to establish 
the Edison Medal, :which is now awarded 
annually by this Institute.” 
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Ambrose Swasey 


Honorary Member 1928 
John Fritz Medalist 1924 


A, aE devotion of Ambrose Swasey, fa- 

mous manufacturer of precision instru- 
ments and mechanisms, to the engineering 
profession, is evidenced by his founding of 
the Engineering Foundation in 1914. Doc- 
tor Swasey has contributed gifts totaling 
$750,000 to the Foundation, research 
agency of the 4 national societies of civil, 
mining and metallurgical, mechanical, and 
electrical engineers. Doctor Swasey was 
born at Exeter, N. H., December 19, 1846. 
During the period 1869-80 he was with the 
Pratt and Whitney Company, Hartford, 
Conn., paying special attention to gearing. 
In 1880, he went into partnership with 
W.R. Warner (incorporated in 1900 as The 
Warner and Swasey Company) for the 
manufacture of machine tools and astro- 
nomical instruments. The firm was first 
established in Chicago, but soon was trans- 
ferred to Cleveland, where it has since re- 
mained. Since the death of Mr. Warner, 
Doctor Swasey has been chairman of the 
board. Many remarkable telescopes have 
been built by this firm, and during the war 
it solved many important problems. In 
1924, the John Fritz Gold Medal was 
awarded Doctor Swasey; he has also re- 
ceived the Franklin Medal, highest award of 
the Franklin Institute. In addition to hono- 
rary membership in the A.I.E.E., which 
was awarded him June 27, 1928, he is an 
honorary member of The American Society 
of Mechanical Engineers (president 1904), 
American Society of Civil Engineers, Insti- 
tution of Mechanical Engineers (Great 
Britain), Institution of Mining Engineers 
(Great Britain), and the Society of Civil 
Engineers. He is a chevalier and officer of 
the French Legion of Honor, and has re- 
ceived several honorary degrees in the 
United States. 


Herbert Hoover 


Honorary Member 1929 
John Fritz Medalist 1929 


ERBERT Clark Hoover, famous engi- 
neer and president of the United States 
1929-33, was elected to honorary member- 
ship in the Institute, June 25, 1929. During 
the same year, Mr. Hoover was awarded the 
John Fritz Medal. He received many other 
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medals in the U.S. and other countries, and 
is a past-president of the American Institute 
of Mining and Metallurgical Engineers and 
of American Engineering Council. Mr. 
Hoover was born at West Branch, Iowa, 
August 10, 1874. In 1895 he received the 
degree of B.A. in mining engineering from 
Stanford University, Calif. Subsequently 
he has received many honorary degrees. 
During the period of 1895-1913 he was en- 
gaged in professional work in mines, rail- 
ways, and metallurgical work throughout 
the world. In 1913-14 he represented the 
Panama-Pacific International Exposition in 
Europe. During 1914-15 he was in London, 
England, as chairman of the American re- 
lief commission, and in 1915-19, was chair- 
man of the commission for relief in Belgium. 
During the period of 1917-19 he was also 
U.S. Food Administrator. He also served 
on several war boards and councils, and was 
director of various economic measures in 
Europe during the armistice. In 1919 he 
also was chairman of the American relief 
administration engaged in children’s relief 
in Europe. In 1921 he was appointed U.S. 
Secretary of Commerce by President Hard- 
ing, and was reappointed by President 
Coolidge. Mr. Hoover has served on many 
commissions in the United States. 


Charles * Brush 


(A’84, M’84, member for life) 
Honorary Memder 1929 
Edison Medalist 1913 


VER a period of almost 60 years of 

activity, Charles Francis Brush was in 
the forefront as a pioneer in electrical de- 
velopment. He was born at Euclid, Ohio, 
March 17, 1849. While still at school, he 
became intensely interested in electrical 
apparatus. In 1869 he graduated in mining 
engineering from the University of Michi- 
gan, later securing the degree of M.S. at this 
university, followed by a Ph.D. from the 
Western Reserve University, Cleveland. 
One of the first to realize the value of the 
work of Gramme, in 1876, he designed and 
built a dynamo. The following year he in- 
troduced the compound field winding for ob- 
taining constant voltage. It was at an ex- 
hibit in 1878 that he displayed the earliest 
form of what afterward became the world- 
famous Brush are light machine. His, too, 
was the invention of the differential arc 
lamp, which made it possible to operate 
lamps in series, and of many other devices. 
In 1881 the Brush Electric Company was 
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CHARLES F. BRUSH 


MOTOJI SHIBUSAWA 


incorporated and capitalized at $3,000,000, 
being absorbed 10 years later by the General 
Electric Company, when the works were re- 
moved to Schenectady. Doctor Brush con- 
tinued to develop much other apparatus, 
and contributed great improvement in the 
manufacture of storage batteries. He wasa 
charter member of the Institute; he served 
in 1884-87 as one of the Institute’s first 
managers, and was a member of the Edison 
Medal committee at the time of his death. 
On that date, June 15, 1929, his name was 
being voted upon for honorary membership 
in the Institute, and this distinction was 
conferred upon him by the board of directors 
10 days after his death. 


Motoji Shibusawa 


(Associate 1905) 


Honorary Member 1929 


NAgtoe Shibusawa, dean of the faculty 
of engineering and professor of elec- 
trical engineering at the Tokyo (Japan) Im- 
perial University, and also engineer of the 
Department of Communication, Japan, was 
elected an Honorary Member of the Insti- 
tute on August 6, 1929. He was born, Octo- 
ber 25, 1876, in Japan, and graduated in 
electrical engineering at Tokyo Imperial 
University in 1900. Following one year in 
the army service, he spent the period be- 
tween 1901 and 1906 in study at different 
universities and in gaining practical experi- 
ence at industrial plants, in several Euro- 
pean countries and in the United States. 
Returning to Japan, he was appointed engi- 
neer of the department of communication in 
1906, serving at the electrotechnical labora- 
tory. In 1909 he was appointed to the ad- 
ditional post of engineer of the Imperial 
Railway Board. In 1911 he obtained the 
academic degree of doctor of engineering at 
the Tokyo Imperial University. In 1919 he 
was appointed engineer-in-chief, bureau of 
electricity, ministry of communication, and 
in that year he took the additional post of 
professor of the Tokyo Imperial University, 
to which later post he was definitely trans- 
ferred in 1924. He was appointed dean of 
the faculty of engineering in 1929. Subse- 
quently, he received promotions in both 
academic and business posts, and served the 
government on several special bureaus. In 
1924 he was elected president of the Insti- 
tute of Electrical Engineers, of Japan, and 
has been president of the Japan Electric 
Technical Committee, and has received 
many other honors 
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W.L. R. Emmet 


(A'93, M'94, member for life) 
Honorary Member 1933 
Edison Medalist 1919 


T THE time William LeRoy Emmet 
began his career in the electrical indus- 

try some 50 years ago, he was noted for his 
desire to explore new fields of engineering, 
rather than to work in those in which con- 
siderable development work had been done. 
This characteristic has continued through- 
out his life. Doctor Emmet was born in 
Pelham, N. Y., July 10, 1859. In 1881 he 
graduated from the U.S. Naval Academy, 
remaining in the Navy for 2 years thereafter. 
In 1887 he joined the Sprague Electric 
Company, then engaged in the historic 
electric railway developments at Richmond, 
Va., and at other cities. After short periods 
with the Westinghouse Electric and Manu- 
facturing Company and the Buffalo (N. Y.) 
Railway Company he went to Chicago as 
district engineer for the newly formed 
Edison General Electric Company. In 1&92 
he was transferred to the New York office 
of the company, which later became the 
General Electric Company. In 1900 Doc- 
tor Emmet started his work on the Curtis 
steam turbine, and he continued its develop- 
ment until recent years, when his attention 
turned to the mercury vapor power process 
in which activity he has again been singu- 
larly successful. He is now a consulting 
engineer of the General Electric Company. 
Doctor Emmet was elected an Honorary 
Member of the Institute May 22, 1933, and 
in 1919 received the Edison Medal. Other 
medals have been awarded him. He has 
served the Institute on several of its com- 
mittees, and was vice-president 1900-02. 
He is also a past vice-president of the 
American Society of Mechanical Engineers. 


G. A. Hamilton 


(A’84, M’84, F'13, member for life) 


Honorary Member 1933 


EORGE ANSON HAMILTON, one of 

the 6 living charter members of the 
Institute, vice-president 1884-86, and na- 
tional treasurer for the 35-year period 1895— 
1930, was elected an Honorary Member of 
the Institute May 22, 1933. In addition 
to this unusual record of service, Mr. Hamil- 
ton served on the Edison Medal and execu- 
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tive committees for a great many years, 
and on the first editing committee and the 
committee on permanent quarters. He is 
the only surviving member of the original 
committee of 5 on organization. He is now 
retired, living 
Hamilton was 
December 30, 


born at Cleveland, Ohio, 
1843. Between 1860 and 
1873, he was in telegraph and railway 
signaling service. During 1873-75 he was 
assistant to Prof. Moses G. Farmer, an 
Honorary Member of the Institute, and a 
pioneer electrical inventor. Here Mr. 
Hamilton received much valuableexperience. 
In 1875 he became assistant electrician of 
the Western Union Telegraph Company, 
New York, N. Y., being appointed chief elec- 
trician of the repair expedition of the Key 
West-Havana Cable the following year. 
In 1889 he became engineer for the Western 
Electric Company, New York, N. Y., super- 
vising the production of fine electrical in- 
struments. He retained this position until 
his retirement in 1909. Mr. Hamilton is a 
member of the Institution of Electrical 
Engineers (Great Britain), Société Francaise 
des Electriciens, Société Francaise de 
Fhysique, and Société Belge d’Astronomie. 


R. A. Millikan 


(Member 1922) 
Honorary Member 1933 


Edison Medalist 1922 


NE of the outstanding teachers and 

physicists of the present time was 
elected to honorary membership in the 
Institute when Dr. Robert Andrews Milli- 
kan was chosen May 22, 1933. Doctor 
Millikan was born at Morrison, Ill., March 
22, 1868, and received the B.A. degree from 
Oberlin College in 1891, and that of Ph.D. 
from Columbia University in 1895. During 
the next year he attended the universities 
of Berlin and G6ttingen. He has received 
many honorary degrees from universities in 
the United States and other countries. 
From 1891 to 1893 he tutored in physics 
at Oberlin College, and in 1896 became as- 
sistant in physics at the University of 
Chicago, becoming assistant professor in 
1902; from 1906 to 1910 he was associate 
professor, becoming professor in the latter 
year. Since 1921 he has been director of the 
Norman Bridge Laboratory of Physics and 
chairman of the executive council of the 
California Institute of Technology, Pasa- 


HAMILTON 


50th ANNIVERSARY NUMBER 


at Elizabeth, N. J. Mr. — 


R. A. MILLIKAN 


dena. Doctor Millikan has conducted 
many fundamental experiments in physics 
which have been important contributions to 
present knowledge. He has recently be- 
come well known for his experiments on the 
so-called ‘‘cosmic’’ or Millikan ray, al- 
though his earlier experiments have been 
of much greater value to electrical engineers. 
In his work of instruction, he has evidenced 
rare ability to impart his own extraordinary 
scientific knowledge to others. He is 
a member of a large number of societies in 
the United States and other countries, 
having served as president of some of these. 


George Westinghouse 


(Associate 1902) 


Edison Medalist 1911 
John Fritz Medalist 1906 


HILE the fame of George Westing- 
house rests largely upon his invention 
of the air brake and on the organization of 
tremendous manufacturing companies in the 
electric and related industries, he was re- 
sponsible for the development of railway 
switch and signaling apparatus, the a-c 
system for lighting and power, a method for 
carrying riatural gas over long distances, 
and many other devices. Not the least of 
his contributions was the environment which 
he created for many of the most outstanding 
electrical engineers and inventors of his day. 
His personal interest in their work and the 
inspiration and commercial impetus he 
gave to the development of such important 
advances in the art as Stanley’s system of 
distribution of alternating current by 
transformers, Tesla’s polyphase induction 
motor, the Shallenberger meter, and the 
Stillwell regulator resulted in epoch-making 
steps in the progress of civilization. Mr. 
Westinghouse was born in Central Bridge, 
N. Y., October 6, 1846. Heattended Union 
College and served for 2 years on the North 
side of the Civil War. When, at 21, he 
announced to the authorities of the Penn- 
sylvania Railroad at Pittsburgh, that he had 
invented an apparatus which would enable 
a locomotive engineer to completely con- 
trol a train, he was laughed at, and it was 
several years before he could interest the 
company in the invention. Within a few 
years he founded the first of the various 
Westinghouse organizations with which he 
was actively associated until shortly before 
his death on March 12, 1914. 
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WILLIAM STANLEY 


William Stanley 


(A’87, M'98, F'13) 
Edison Medalist 1912 


ILLIAM STANLEY was very promi- 

nent among the electrical inventors 
and engineers who made possible long- 
distance light and power transmission; his 
inventions on the transformer and early 
work in the development of the a-c system 
contributed greatly to the advancement of 
the electrical art. During the earlier 
period of bis career he was responsible for 
several inciindescent lamp inventions, while 
in the employ of the United States Electric 
Company (1879-81) and the Swan Electric 
Company (1882-83). From 1883 to 1884 
he experimented on storage batteries and 
other apparatus in a private laboratory at 
Englewood, N. J. He then became as- 
sociated with the Westinghouse organiza- 
tion, and installed and equipped an in- 
candescent lamp factory at Swissvale, Pa. 
In 1885, when because of illness he removed 
from Pittsburgh to Great Barrington, Mass., 
he set up a plant incorporating his ideas on 
long-distance light and power transmission, 
which distributed to the town 500 volts 
through transformers connected in multiple. 
The Westinghouse Company then took over 
the manufacturing details and installed the 
Stanley apparatus at Niagara Falls. In 
1890 Mr. Stanley organized the Stanley 
Electric Manufacturing Company, which 
made the first of a long series of installa- 
tions of the multiphase transmission system 
in 1894 at Housatonic, Mass., operating at 
2,000 volts. In1898 he organized the Stanley 
Instrument Company. He also carried on 
an extensive consulting practice, until his 
death on May 14, 1916. He served the 
Institute on the Edison medal committee, 
from 1914 to 1916. He was born November 
22, 1858, in Brooklyn, N. Y. 


Nikola Tesla 


(A’88, F’17, member for life) 


Edison Medalist 1916 


yy THE days when a commercial rivalry 
existed between the supporters of the 
a-c and d-c systems, Nikola Tesla invented 
independently the polyphase a-c system 
and built the first small polyphase motor, 
inaugurating a new epoch in the electrical 
industry. His other discoveries and in- 
ventions are many, principally connected 


May 1934 


NIKOLA TESLA 


with apparatus for the use and transmission 
of power, such as the polyphase generator 
and transformer, oscillation transformer, 
revolving field generator, and split-phase 
motor, as well as high-frequency machines 
and coils, Tesla tubes, lamp and other high- 
potential high-frequency apparatus. Mr. 
Tesla was born in Smiljan, Lika, a border- 
land region of Austria-Hungary, and was 
educated at the Polytechnical School in 
Gratz and at the University of Prague. 
His electrical career began in 1881 when 
he was 24, at Budapest, where he made his 
first electrical invention, a telephone re- 
peater, and conceived his idea of the rotat- 
ing magnetic field. He came to the United 
States in 1884 and became a naturalized 
citizen. At first he was employed at the 
Edison works, and later by the Westing- 
house Company, which purchased his 
patents on the polyphase a-c system and 
manufactured the motor. In 1890 he left the 
Westinghouse organization and began ex- 
perimenting with high-potential, high-fre- 
quency alternating currents. In the last 
few years he has been working on a method 
to derive power in large amounts without 
regard to location. 


Benjamin G. Lamme 
(Associate 1903, Member 1903) 


Edison Medalist 1918 


OR more than 30 years Benjamin 

Garver Lamme was an acknowledged 
leader in the invention and mathematical 
design of electrical apparatus paiticularly in 
the a-c field. Chief among his inventions 
of which the patents numbered more than 
150, were the ‘‘umbrella’’ generators first 
used at Niagara Falls, the synchronous 
converter and the series commutator-type 
motor, which is now in use in street and 
other electric transit systems. Beginning 
in the testing department of the Westing- 
house Electric and Manufacturing Com- 
pany in 1889, he rose to distinction early 
through his remarkable ability to apply 
complex mathematical theorems to elec- 
trical apparatus: in 1890 he prepared 
specifications purely from calculation for a 
double-reduction railway motor. In 1900 
he was made assistant chief engineer and 
from 1903 until his death July 8, 1924, he 
was chief engineer. Mr. Lamme_ was 
greatly interested in high-power generators 
and shortly before his death designed a 
65,000-kw generator, the largest built to 
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JOHN W. HOWELL 


that date. He was born January 12, 
1864, at Springfield, Ohio, and graduated 
in 1888 from Ohio State University with 
the degree of mechanical engineer. He 
served the Institute on many committees 
and represented it on the national com- 
mittee of the International Electrical Con- 
gress (1919-21) and acted as chairman of the 
committee on inventions of the Naval Con- 
sulting Board in 1917. The Lamme medal 
was established by his bequest. 


John W. Howell 


(A’87, M'88, F'12, member for life) 


Edison Medalist 1924 


NE OF the most distinguished pioneers 

in the incandescent lamp field of elec- 
trical engineering is John White Howell, 
whose inventions and extensive research 
work have contributed greatly to the im- 
provements and enlargement of incan- 
descent lamp production. Among his im- 
portant achievements are the development 
of a successful portable voltmeter, a wheat- 
stone bridge type of potential indicator, 
and the comparative indicator. He de- 
termined for the first time the relation 
between the life and candle-power of 
incandescent lamps (1886); introduced a 
carbonaceous clamp which decreased clamp- 
ing and filament costs and increased the 
quality of the lamp (1887) and later made 
certain changes to increase the speed of 
exhaust. He improved the Thomson-Hous- 
ton method of treating carbon filaments and 
developed a treating machine which revo- 
lutionized the treating process, and intro- 
duced the squirted cellulose filament. He 
assisted in the design of the first stem- 
making machine and in the development of 
metalized filaments. He was born in New 
Brunswick, N. J., December 22, 1857. In 
1881 he finished a special course in elec- 
trical engineering at Stevens Institute, re- 
ceiving the honorary E.E. degree in 1899. 
He became identified with the Edison Lamp 
Company, beginning as electrician in 1881 
and becoming technical advisor to the 
manager of works in 1890; in 1912, when 
the company was merged with the General 
Electric Company, he was made engineer 
and assistant manager of the lamp works. 
When he retired in 1931 his title was chief 
engineer of the lamp works. He is a mem- 
ber of The American Society of Mechanical 
Engineers, the Franklin Institute, and other 
technical societies. 
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W. D. Coolidge 


(A'10, M34) 


Edison Medalist 1927 


MONG electrical engineers engaged in 
the electrochemical and X ray fields, 
William David Coolidge holds an outstand- 
ing place. He is well known for his inven- 
tion and application of ductile tungsten and 
for his development of a vacuum tube that 
has simplified and revolutionized the pro- 
duction of X rays. He is also the inventor 
of a submarine detecting device and of the 
Coolidge X ray tube. Doctor Coolidge was 
born at Hudson, Mass., October 23, 1873, 
and was graduated with the B.S. degree from 
Massachusetts Institute of Technology 
(1896), and Ph.D. from the University of 
Leipzig (1899). For 5 years he taught at the 
Massachusetts Institute of Technology as 
assistant in physics, instructor in physical 
chemistry and assistant professor of physico- 
chemical research. In 1905 he joined the re- 
search laboratory of the General Electric 
Company, becoming assistant director in 
1908, associate director in 1928, and director 
in 1932, which position he now occupies. 
Doctor Coolidge served the Institute as a 
member of the electrophysics committee from 
1927 to 1929. He isa member of the Ameri- 
can Electrochemical Society, American 
Physical Society; American Roentgen Ray 
Society, American Radium Society, Radio- 
logical Society of North America; Roent- 
gen Society (England) and many others. 
He has been the recipient of several distinc- 
tive awards, notably the Washington award 
in 1932. 


Frank Conrad 


(Associate 1902) 


Edison Medalist 1930 


VEN if he were not widely known for his 

contributions to radio broadcasting and 
short-wave radio transmission, Frank Con- 
rad would be an outstanding figure in the 
electrical engineering world for his invention 
of numerous important electrical devices. 
He was born in Pittsburgh, Pa., May 4, 
1874. At 16 he entered the employ of the 
Westinghouse Electric and Manufacturing 
Company in Pittsburgh as a shop assistant. 
On the strength of his first idea concerning a 
feeding mechanism for are lamps, although 
rejected, he was taken into the experimental 
laboratory where he obtained an excel- 
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lent foundation in physics and electricity. 
Within a short time he was busy on a long 
succession of inventions, including the 
“round type” arc lamp, long-scale induction 
indicating instrument, “round type’’ watt- 
hour meter, magnetic shunt and other 
switches, lightning arresters, and circuit 
breakers for use in a-c work, which are cov- 
ered by more than 200 patents. He was 
closely associated with, and later in entire 
charge of, the arc-lamp design department. 
In 1904 he was appointed general engineer; 
since 1921 he has been assistant chief engi- 
neer. Doctor Conrad’s connection with 
radio began with his interest as an amateur 
in the reception of time signals, and later in 
radio-telephone transmission. One of the 
few radio devices which saw war service was 
his 1,000-ceycle 200-volt self-exciting genera- 
tor for airplanes, weighing 11 pounds, en- 
cased with radio equipment and driven by a 
propeller. From 1919 to 1921 Doctor Con- 
rad served the Institute as a member of the 
joint power factor committee. In 1928 the 
University of Pittsburgh awarded him the 
honorary degree of D.Sc. He is a fellow of 
the Institute of Radio Engineers and a mem- 
ber of the Society of Automotive Engineers 
and the American Society for the Advance- 
ment of Science. 


Edward D. Adams 


(Associate 1910) 


John Fritz Medalist 1926 


DWARD Dean Adams is well known in 

the electrical field for his life-long con- 
nection with important engineering works 
and as an officer and director of corporations 
engaged in the construction and operation of 
water works, power plants, railroads, etc. 
He first became identified with the electrical 
industry by lending financial support to 
Edison’s proposal to introduce electric light- 
ing for streets and buildings in New York, 
about 1878. Next he became interested in 
the development of hydroelectric power at 
Niagara Falls. When electrical transmis- 
sion was decided upon, Mr. Adams organ- 
ized and became president of the Cataract 
Construction Company, which completed 
the project in 1895. He then turned his at- 
tention to the development, reorganization, 
and financing of numerous railroads, such as 
the St. Paul and Northern Pacific, Missouri 
Pacific, Northern Pacific, and West Shore. 
At various times he served as an officer of 
these and the many other utility, power and 
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manufacturing organizations with which he 
was associated. Mr. Adams was born ir 
Boston, April 9, 1846, and was educated at 
Norwich University, Vermont, receiving the 
B.S. degree (1864), M.S. (1897), LL.D 
(1906) and M.A. (1908). He served the In.- 
stitute on the Edison medal committee 
1919-24; and from 1916 until his death May 
20, 1931, he represented the Institute on the 
Engineering Societies’ library board and in 
the United Engineering Trustees, Inc. He 
was a member of the National Research 
Council, engineering and industrial research 
division, the American Society of Civil 
Engineers, and a vice-president of The 
American Society of Mechanical Engineers. 


Elmer A. Sperry 


(A’84, M'93, member for life) 


John Fritz Medalist 1927 


HILE he had to his credit more than 

400 patents, Elmer Ambrose Sperry is 
perhaps best known for his gyro-compass 
and ship stabilizer. Other inventions in- 
cluded his arc lamp, automatic current regu- 
lator, arc dynamo, motors, storage battery, 
high-intensity arc light, and searchlight. He 
was the originator of the first electric mining 
machinery and many new developments in 
the transportation line. Mr. Sperry was 
born at Cortland, N. Y., October 12, 1860. 
He was graduated from the State Normal 
School at Cortland and attended lectures at 
Cornell. The honorary degree of doctor of 
engineering was conferred upon him by 
Stevens Institute of Technology and Lehigh 
University, and doctor of science by North- 
western University. When he was only 19, 
he perfected one of the first electric are lights 
and secured its practical adoption. Begin- 
ning in 1880, he organized numerous com- 
panies bearing his name to perfect and 
manufacture his inventions, one of the last 
being the Sperry Development Corporation, 
which he sold in 1929 to the Curtiss air in- 
terests. At the time of his death, June 16, 
1930, he was the proprietor of Sperry Prod- 
ucts, Inc. He was a charter member of the 
Institute and served as a member of the 
marine, research, Edison medal, and Lamme 
medal committees at various times. He was 
a member of a number of other societies, in- 
cluding the Electrochemical Society, of 
which he was a charter member, and The 
American Society of Mechanical Engineers, 
and was the recipient of several prizes and 
distinctions, both national and foreign. 
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Allan B. Field 


(A’03, M’09, F'13, Life Member) 
Lamme Medalist 1928 


ee first Lamme Medal to be pre- 
sented by the A.I.E.E. was awarded 
Allan Bertram Field in 1928 ‘for the 
mathematical and experimental investiga- 
tion of eddy current losses in large slot- 
wound conductors in electrical machinery.”’ 
Mr. Field was born in New Barnet, England, 
December 28, 1875. He studied at Fins- 
bury Technical College, London, 1890-93. 
After being engaged in shopwork and draft- 
ing, he studied at St. Johns College, Cam- 
bridge, 1896-99, and was awarded the 
Honours B.A. degree, and later the M.A. 
and Honours B.Sc. degrees. During 1900- 
02, he was engaged in engineering work for 
the British Thomson-Houston Company 
in London. He came to the United States 
in 1902, spending more than a year in the 
testing department of the General Electric 
Company at Schenectady, N. Y., afterward 
being engaged in transformer design. Dur- 
ing 1905-08, he was with the Bullock Elec- 
tric Manufacturing Company, and the 
Allis-Chalmers Company in the design of 
a-c generators and motors. In 1909 he 
joined the Westinghouse Electric and 
Manufacturing Company, being appointed 
engineer-in-charge of turbine generator de- 
sign in 1911. In 1914 Mr. Field returned 
to England, becoming consulting engineer 
and professor of mechanical engineering at 
the University of Manchester, retaining 
this position until 1917 when he went with 
Vickers, Ltd., London. In 1920 he be- 
came and still is consulting engineer for 
the Metropolitan-Vickers Electrical Com- 
pany, Ltd., Manchester, England. 


R. E. Hellmund 


(A’05, M09, F'13) 


Lamme Medalist 1929 


HE second individual to be awarded 
the Lamme Medal of the Institute was 
Rudolf Emil Hellmund. Mr. Hellmund is 
widely known for his inventive genius, 
some 300 patents in the United States and 
other countries having been granted him. 
He was born at Gotha, Germany, February 
2, 1879. He graduated from the Technical 
Institute of Ilmenau, Germany, worked 3 
years, then continued his studies at Char- 
lottenburg University, Berlin, graduating 
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in 1899 with the degree of electrical engineer. 
After being engaged in the development 
work in Germany, he came to the United 
States in 1903. After doing other engi- 
neering work, he was associated in 1905 
with William Stanley at Great Barrington, 
Mass. During 1905-07, he was in the en- 
gineering department of the Western 
Electric Company at Hawthorne, IIl., in 
charge of all a-c motor design for the com- 
pany. Since October 1907, he has been 
with the Westinghouse Electric and Manu- 
facturing Company. After being in charge 
of the development of various kinds of in- 
duction motors, he was placed in charge 
of all designs of d-c and a-c railway motors. 
In 1907 he was assigned miscellaneous con- 
sulting duties, and in 1921 was appointed 
engineering supervisor of development. In 
1926 he was made chief electrical engineer 
and in 1933 was given the position of chief 
engineer of thecompany. Mr. Hellmund has 
presented many papers before the Institute 
and has been a member of the standards 
committee since 1930. In the past 2 years 
he has devoted much attention to the de- 
velopment of air conditioning equipment. 


William J. Foster 


(Associate 1907, Fellow 1916) 


Lamme Medalist 1930 


HE Institute’s Lamme Medal for 1930 
was presented to William James Foster 
“for his contributions to the design of ro- 
tating a-c machinery.’’ Doctor Foster has 
a long record of service in the design of 
motors and generators and has been re- 
sponsible for a great many inventions in 
this field. He was born at Argyle, N. Y., 
September 17, 1860. After receiving the 
A.B. degree from Williams College in 1884, 
he remained a year for advance work iu 
mathematics. During the next 5 years, he 
taught high school subjects, and made an 
intensive study of physics. In 1891 the 
degree of M.S. was conferred upon him by 
Cornell University. In the summer of that 
year Doctor Foster began his engineering 
career in the Thomson-Houston works at 
Lynn, Mass., being engaged in the design 
of d-c machines and synchronous con- 
verters. In 1892 he was made assistant en- 
gineer. In 1894 he became designing en- 
gineer for the General Electric Company at 
Schenectady, in general charge of electrical 
design of a-c machines. For about 25 
years thereafter he was in charge of prac- 
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tically all the designs and calculations on a-c 
machines, he himself designing many of the 
most important generators that were built 
by the company. Through Doctor Stein- 
metz, with whom he worked closely for 
many years, he prepared many of the stand- 
ards adopted by the A.I.E.E. Doctor 
Foster is now consulting engineer (retired) 
for the General Electric Company, and 
lives at Schenectady. He was a member of 
the Institute’s committee on electrical 
machinery 1920-30 (chairman 1928-29), 
and of the meetings and papers (now tech- 
nical program) committee 1928-29. 


Guiseppe Faccioli 
(A’04, M'11, F°12) 


Lamme Medalist 1931 


“COR his contributions to the develop- 

ment and standardization of high- 
voltage oil-filled bushings, capacitors, light- 
ning arresters, and numerous other features 
in high-voltage transformers and power 
transmission,’’ Guiseppe Faccioli was pre- 
sented the 1931 Lamme Medal of the A.I. 
E.E. He was born at Milan, Italy, April 7, 
1877. Graduating from the University of 
Milano in 1899 with the highest scholarship, 
he was engaged for one year in the electri- 
fication of a locomotive factory, spent one 
year in the testing room and in charge of 
the design of induction motors and alterna- 
tors for the Tenomasio Brown Boveri of 
Milano, was engaged as a consulting en- 
gineer for one year, and then in 1902 came 
to the United States. Between 1902 and 
1906 he had a varied experience, being 
with the Interborough Rapid Transit 
Company, New York, the Crocker-Wheeler 
Company, and an assistant to William 
Stanley at Great Barrington, Mass. In 
1906 he began his long term of service with 
the General Electric Company. He con- 
tinued at the Great Barrington laboratory 
until 1908, when he was transferred to the 
railway department at Schenectady, later 
the same year being transferred to the 
transformer department, and in 1911 ap- 
pointed assistant engineer of the trans- 
former department. Later he was trans- 
ferred to the Pittsfield works, and in 1913 
was appointed work’s engineer of this plant. 
In 1927 he also became associate manager, 
retiring in 1930. His death occurred 
January 13, 1934. Mr. Faccioli had served 
the Institute as manager 1918-22, and as 
vice-president 1922-24. He had also served 
on many committees of the Institute. 
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The Institute’s National Secretaries 


N. S. Keith 


(Associate 1884, Member 1894) 


Secretary 1884-85 


HE FIRST secretary of the Institute 

was Doctor Nathaniel Shepard Keith, 
one of the most active of the small group of 
individuals who founded the Institute. 
Doctor Keith served as secretary during 
1884 and 1885. It was he who circulated 
the ‘‘call’’ for the first meeting of what 
was to be the American Institute of Elec- 
trical Engineers. 

Doctor Keith was born at Boston, Mass., 
July 14, 1838. He was educated as a chem- 
ist in his father’s chemical laboratory 
in New York City, and maintained prac- 
tice as an electrometallurgical engineer the 
larger part of his life. The early years of 
his life were spent as a mining and metal- 
lurgical engineer in Colorado. For many 
years following 1870, he was engaged in 
electrical work as an investigator, inventor, 
writer, and electrical engineer. For some 
time following 1885 he was engaged in the 
manufacture and installation of electric 
light and power apparatus in San Fran- 
cisco. He was at one time secretary- 
treasurer of the American Venture and 
Mines Corporation. For many years pre- 
ceding his death, January 27, 1925, Doctor 
Keith had been in business in Philadelphia 
as a consulting engineer. 

During the first 2 years of the Institute’s 
history Doctor Keith was a member of the 
editorial staff of the Electrical World, along 
with C. O. Mailloux and T. C. Martin, 
both of whom subsequently became presi- 
dents of the Institute. Doctor Keith was 
one of the conferees of the Electrical Con- 
ference in Philadelphia, in 1884, and a 
judge of the Philadelphia Electrical Ex- 
hibition in that year. 


T. COMMERFORD MarrTIN, 
ACTING SECRETARY 1884-85 


URING the period 1884-85, while Dr. 

N. S. Keith was serving the Institute 
as secretary, Thomas Commerford Martin 
(president of the Institute 1887-1888) 
served as acting secretary. A biographical 
sketch of Mr. Martin is given in connection 
with the:group of presidents in this issue. 


Ralph W. Pope 


(A’04, member for life) 
Secretary 1885-1911 


VER a period of nearly 27 years, Ralph 
Wainwright Pope served the Institute 

as its secretary. He was first elected in 
1885, and served each year consecutively 
from that time until 1911, when he was 
appointed honorary secretary for life. Mr. 
Pope was a younger brother of Franklin 
L. Pope, second president of the Institute. 
Ralph W. Pope was born at Great Bar- 
rington, Mass., August 16, 1844. He wa; 
educated at Amberst Academy. Early 
in life he developed a marked taste for me- 


820 


chanics. After early experience in the 
local telegraph office, he entered the service 
of the Housatonic Railroad in 1859, becom- 
ing a telegrapher. After being in various 
telegraph offices of this road, he entered 
the service of the American Telegraph 
Company in 1864, being in the New York 
office. In 1865 he joined the Collins Over- 
land Telegraph Expedition in an attempt 
to establish a through service to Europe 
by way of Alaska and Siberia. It was this 
expedition of which Franklin L. Pope was 
chief of the geographical department; the 
success of the Atlantic cable prevented 
the establishing of this connection. Ralph 
W. Pope was for 10 years thereafter in the 
service of the Gold and Stock Telegraph 
Company, resigning his position as deputy 
superintendent in 1883. From that date 
until 1888 he was actively engaged in the 
editing and publishing of technical elec- 
trical papers in New York City. He was 
associate editor of The Telegrapher and The 
Electrical Engineer, and editor of Electric 
Power, which he founded. 

During his tactful administration, the 
growth of the Institute was rapid. In 
1887, he consented to devote practically 
all of his time to its interests alone. He 
made a constant study of its needs, and 
did not hesitate to recommend the adoption 
of all that appealed to him as desirable in 
the methods and activities of other tech- 
nical organizations. His clear conception 
of detail, his genius for taking pains, and 
the orderly methods of his office, all were 
extremely valuable in his position as secre- 
tary. 


F. L. Hutchinson 


(A’'94, M’13, member for life) 
Secretary 1911-32 


a Ec the resignation of Ralph W. Pope 
in August 1911, Frederick Lane Hutch- 
inson was appointed acting secretary, being 
later appointed secretary as of January 
1, 1912. 

Mr. Hutchinson was born at Elizabeth, 
N. J., April 2, 1866. He began his business 
experience with several years’ service with 
the Pennsylvania Railroad Company in 
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RALPH W. POPE 


New York City, later entering Cornell 
University in 1889. In 1893 he graduated 
from the electrical engineering course, and 
immediately entered the employ of the 
Westinghouse Electric and Manufacturing 
Company. After several years’ experi- 
ence in the manufacturing, testing, engi- 
neering, and sales departments in Newark, 
N. J., New York City, and Pittsburgh, 
Pa., he was transferred to the publication 
department. 

In 1901 he became manager of the pub- 
lication department of the C. W. Hunt 
Company, New York, and in the following 
year became advertising manager of the 
National Electric Company of Milwaukee, 
Wis. A year later he was made manager 
of electrical sales for the same company. 

Mr. Hutchinson returned to New York 
in 1904 to undertake some special work on 
the TRANSACTIONS of the Institute. This 
work gradually increased in scope until in 
February 1908 he was appointed assistant 
secretary, becoming the national secretary 
at the beginning of 1912. Mr. Hutchinson 
served in this capacity continuously until 
his death, February 26, 1932. 

Mr. Hutchinson was thoroughly famil- 
iar with the history and policies of the 
Institute, the scope and duties of its nu- 
merous committees and _ representatives, 
and the relations of the Institute to other 
engineering and similar organizations, both 
in this country and abroad. He was one 
of the delegates to the Werld Power Con- 
ference, London, 1924, and to the World 
Engineering Congress, Tokyo, 1929. He 
had served on various Institute commit- 
tees, both before and after becoming sec- 
retary. Immediately prior to his death 
he was a member of the committees on pub- 
lications, coérdination of Institute activi- 
ties, award of Edison Medal, and mainte- 
nance of Institute headquarters. He was 
also a representative of the Institute on 
several other bodies. During Mr. Hutch- 
inson’s term as secretary, the Institute’s 
membership increased 21/5 times. 


H. H. Henline 


(Associate 1919, Member 1926) 


Secretary 1932- 


HE PRESENT national secretary of 
the Institute is Henry Harrison Henr- 
line. Mr. Henline became assistant na- 
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tional secretary in 1927, and upon the 
death of F. L. Hutchinson in 1932, he be- 
came acting national secretary. Effective 
January 1, 1933, he was appointed national 
secretary, taking over all the executive 
duties that had been performed by Mr. 
Hutchinson for 20 years. 

For many years Mr. Henline has been 
active in Institute work, and prior to his 
affiliation with the national headquarters 
staff, he made numerous contributions to 
its published technical work. These in- 
cluded papers on engineering education, 
a standard frequency radio station, and 
high voltage power transmission. He has 
served as chairman of the San Francisco 
section (1922-23); faculty counselor for 
the Student Branch at Stanford University, 
Calif. (1926); chairman of the committee 
on student activities for the Pacific dis- 
trict (1926); and as a member of the Sec- 
tions committee (1923-27). Since joining 
the headquarter’s staff in 1927, Mr. Hen- 
line has served as a member of 6 of the 
Institute’s committees, and has been a 
representative of the Institute on 6 other 
bodies. He is at present active on most 
of these. 

As assistant secretary, Mr. Henline par- 
ticipated in many phases of the Institute’s 
work, but devoted his principal attention 
to the work of its many Sections and 
Branches. 

Mr. Henline was born at Colfax, Illinois, 
March 12, 1889, graduating in 1914 from 
the University of Illinois, with the degree 
of B.S. in E.E. After serving for a year as 
instructor in science and mathematics in 
the Oktaha (Okla.) High School and as 
director of athletics for the public schools 
there, he entered the Chicago Central 
Station Institute of the Commonwealth 
Edison Company. In 1916 he entered the 
commercial Engineering department of the 
Illinois Maintenance Company of Chicago. 

Joining the faculty of Stanford Univer- 
sity in 1917 as an instructor, Mr. Henline 
later was promoted to assistant professor 
(1920) and to associate professor (1924) 
in the department of electrical engineering. 
In his work of instruction Mr. Henline 
gave at various times many courses in 
electrical engineering subjects, and was in 
charge of the machinery laboratory for 5 
years, and in charge of communication 
engineering for 38 years. He also was as- 
sociated with Dr. Harris J. Ryan in some 
of the high voltage research that has been 
carried on so energetically at Stanford 
University. 
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The Institute’s National Treasurers 


Rowland R. Hazard 


(Associate 1884) 


Treasurer 1884-86 


HE INSTITUTE’S first treasurer was 
Rowland Robinson Hazard. Mr. Hazard 
was a charter member of the Institute, and 
at the time of its formation was president 
of the Gramme Electric Company, of New 
York City. He presented a paper, “‘The 
Scientific Street,’ at the Institute’s first 
technical meeting, October 7-8, 1884. About 
5 years ago Mr. Hazard died at his home 
on the Island of Jersey, England, where he 
had lived many years. He was over 90 
years of age. 


George M. Phelps 


(Associate 1884) 
Treasurer 1887-95 


HE SECOND treasurer of the Institute 

was George May Phelps, who served 
continuously from the time of his first 
election to that office on May 17, 1887, 
until his death on April 11, 1895. 

Mr. Phelps was born at Troy, N. Y., in 
1843. He was educated in the public 
schools and high school of that city. From 
1861 until his death he was continuously 
engaged in electrical interests, excepting 
for an interval of 5 years. He was first 
employed in the shop of the American Tele- 
graph Company, of which his father was 
superintendent. He afterward served in 
the auditing department of the American 
Telegraph Company from 1863 to 1866. 
From 1871 to 1879, he was assistant to his 
father in the management of the factory 
of the Western Union Telegraph Company 
in New York City. In April 1879, the 
Western Union disposed of its manufac- 
turing interests to the Western Electric 
Company, and Mr. Phelps was appointed 
superintendent of the factory by the latter 
organization, which position he held until 
December 1885. In 1886, he joined 
Franklin L. Pope, who was then president 
of the Institute, in conducting The Elec- 
trician and Electrical Engineer, at that 
time published monthly, acquiring a pro- 
prietary interest in that journal shortly 
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after. The title was subsequently changed 
to The Electrical Engineer, and, beginning 
in 1890, was issued weekly, with Mr. 
Phelps as president. 

Mr. Phelps was a charter member of the 
Institute and was elected as one of its 
managers on May 19, 1885. He served 
on the council in this capacity until his 
election as treasurer. He also had served 
on various standing and special committees, 
and had at all times given readily of his 
time and services to the interests of the 
Institute. 


George A. Hamilton 


(A’84, M’'84, F'13, HM’33, member for life) 
Treasurer 1895-1930 


HE THIRD ttreasurer of the Institute 

was George Anson Hamilton, a charter 
member of the Institute. A biographical 
sketch of Mr. Hamilton is given on p. 816 
of this issue, in connection with his elec- 
tion as an Honorary Member, and a re- 
cent statement of his is given on p. 823. 


W. |. Slichter 


(A'00, M’03, F'12) 
Treasurer 1930— 


HE FOURTH and present treasurer 

of the Institute is Walter Irvine 
Slichter, who has served since 1930. He 
is now professor of electrical engineering 
and head of the department at Columbia 
University. 

Professor Slichter was born in St. Paul, 
Minn., May 7, 1873, and graduated from 
Columbia University in 1896, with an E.E. 
degree. He entered the employ of the 
General Electric Company as a student 
in that year, being transferred to the office 
of Dr. C. P. Steinmetz the following year. 
During the next 2 years he was engaged 
in designing induction motors, alternators, 
rotary converters, transformers, and special 
experimental apparatus. For a number of 
years thereafter he devoted most of his time 
to the design of electrical machinery, and, 
more particularly, the equipment of elec- 
tric railways. In 1910 he was appointed 
to his present position as professor of elec- 
trical engineering and head of the depart- 
ment at Columbia. During the war, he 
was civilian director of the air service 
school for radio officers at Columbia. 

Professor Slichter was a member of the 
Institute’s board of directors 1918-22, vice- 
president 1922-24, and has been an active 
worker upon several of the important com- 
mittees of the Institute. He has been 
chairman of the meetings and papers com- 
mittee, of the editing committee, and a 
member of the finance committee. He 
is a member of several other engineering 
and scientific societies, and in 1903 was 
president of the General Electric Engi- 
neering Society, and was instrumental in 
reorganizing it into the Schenectady Sec- 
tion of the Institute. 
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Formation of the Institute and 
the Enrolling of Its Charter Members 


E LEARN that a movement has been 
inaugurated for the formation of a 
national electrical society, and that several 
distinguished men connected with the sci- 
ence and with ‘electrical enterprises have 
promised it their warmest support. The 
idea is admirable, and cannot but succeed. 
It is said that details will shortly be made 
public.” This simple statement, presaging 
the founding of the Institute, appeared in 
the Electrical World for March 29, 1884. 

The first definite steps toward the forma- 
tion of a society were taken in April 1884, 
when Dr. N. S. Keith, electrical engineer, 
New York City, circulated a “‘call’”’ for the 
purpose of establishing a national electrical 
society to which it was suggested to give 
the name of the ‘American Institute of 
Electrical Engineers.” This ‘‘call’” out- 
lined the principal reasons for the formation 
of a society, and outlined the activities 
which it was proposed to undertake. The 
activities mentioned in this early document 
are almost identical with those on which 
the Institute today is engaged. The 
pioneers in the electrical industry who 
organized the Institute had a remarkably 
clear vision as to what it might accomplish 
for the benefit of its members and of society 
in general. 

Although the ‘‘call’’ had proposed that an 
organization meeting be held on May 13, 
‘1884, the document was so quickly signed 
by a large number of electrical engineers, 
then commonly known as “‘electricians,”’ 
Capitalists, and others connected with elec- 
trical enterprises or interested in the ad- 
vancement of electrical science, that it was 
deemed advisable to hold a meeting on April 
15, 1884. The signers of this document, 
and a number of other individuals who had 
expressed interest, were requested to meet 
on that date at the rooms of the American 
Society of Civil Engineers, New York, as 
founders of the proposed society. 


MEETING oF APRIL 15, 1884 


_ The meeting of April 15, 1884, was called 
to order by Dr. N. S. Keith, who nominated 
Joseph P. Davis, vice-president of the 
Metropolitan Telegraph and Telephone 
Company, as chairman of the meeting. 
After Mr. Davis took the chair, Dr. Keith 
was elected temporary secretary. 

A series of resolutions as to name, object, 
membership, dues, management, commit- 
tees, etc., was then offered, and after some 
debate, the resolutions and the whole scheme 
of organization were referred to a committee 
of 5, with instructions to call a meeting to 
hear and act upon its report. The chair 
afterward appointed the committee, con- 
sisting of the following: 


W. A. Hovey, president, Merchants’ Electric Light 
Company, Boston. 

N.S. Keith, electrical engineer. 

G. A. Hamilton, electrician, Western Union Tele- 
graph Company. 

William H. Eckert, general superintendent of the 
Metropolitan Telephone and Telegraph Company. 
George L. Beetle, Western Electric Company. 
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' Pacific Coast, 


After a vote of thanks to the American 
Society of Civil Engineers for the use of its 
rooms, the meeting adjourned. 


MEETING OF May 18, 1884 


The organization meeting of the Institute, 
held May 18, 1884, was presided over by 
Joseph P. Davis. Following a reading and 
approval of the minutes of the April 15 
meeting, the committee on organization 
reported that it had completed a proposed 
set of rules for the government of the Insti- 
tute and had nominated a sufficient number 
of persons to fill the offices created. The 
rules were then read and adopted, the elec- 
tion was held, and the results announced. 
The Institute then had a permanent organi- 
zation, with a complete set of officers. 

With the organization completed, the first 
piece of business was undertaken, which 
consisted of the reading of a communication 
from the examiner in the electricity division 
of the U.S. patent office, pointing out vari- 
ous evils in patent procedure; a resolution 
urging that the work of the patent office be 
put on a more efficient basis was then passed, 
and a committee of 3 
was authorized to pro- 
mote this endeavor. 


The directors of the International Ele 
trical Exhibition tendered to the Institu 
the use of rooms in the exhibition buildin 
these rooms being open to Institute membe 
from September 2 to October 11. C 
October 7 and 8, 1884, the first meeting | 
the Institute for the reading and discussic 
of professional papers was held at the Cont 
nental Hotel and in the exhibition room 
Eleven papers were read at these meeting 
several of which have since become histor 
documents. 

Annual meetings were then held in Ma 
1885 and in May 1886, when the develo] 
ment of a system of more frequent meetin; 
was begun. Subsequent developmen 
have, of course, included the holding « 
several national meetings each year, wit 
Section and Branch meetings held man 
times a year in all sections of the Unite 
States. 


The Institute’s Charter Members 


Analysis of the records of the Institut 
definitely indicates that at least 71 charts 
members were enrolled at the meeting « 
April 15, 1884. In addition to these, 
is possible that there were a few more charté 
members, as accurate records were not a 
ways kept at that time. 

Of these 71 charter members, 6 are sti 


Following a discus- 


sion of the state of elec- 


tric lighting on the 
resolu- 
tions thanking the 
American Society of 
Civil Engineers for the 
use of the rooms and 
thanking the organiza- 
tion committee, were 
passed, and the meet- 
ing adjourned. 


PHILADELPHIA 
MEETING, 1884 


One of the factors 
which precipitated the 
founding of the Insti- 
tute in 1884 was the 
International Electri- 
cal Exhibition to be 
held in the fall of that 
year in Philadelphia 
under the auspices of 
the Franklin Institute. 
In conjunction with 
thisexhibition, the U.S. 
Congress had author- 
ized a National Con- 
ference of Electricians. 
Representatives of 
many foreign electrical 
societies were to attend 
the exhibition, and it 
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was felt essential that 
there be some organiza- 


tion of electrical en- 
gineers in the United 
States to officially re- 
ceive these delegates. 
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Certificate to be awarded the 6 living charter members of the Ins 
tute during the 1934 summer convention, June 25-29, at H. 


Springs, Va 
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on the rolls of the Institute. These are: 
Charles L. Clarke, Schenectady, N. Y.; 
E. N. Dickerson, Jr., New York, N. Y.; 
George A. Hamilton, Elizabeth, N. J.; 


Frank B. Rae, Berkeley, Calif; Elihu 
Thomson, Lynn, Mass.; and Edward 
Weston, Newark, N. J. Biographical 


sketches of Mr. Hamilton, Professor Thom- 
son, and Doctor Weston, have been given in 
Sonnection with the items on Presidents and 
Honorary Members on preceding pages of 
this issue. Brief items on the other 3 living 
sharter members follow, together with state- 
ments prepared by Mr. Clarke and Mr. 
Hamilton. 


Charles L. Clarke 


CHARLES LORENZO CLARKE (A’84, M’85, 
F’12, member for life) a charter member of 
the Institute, and now a consulting engi- 
aeer living at Schenectady, N. Y., was born 
at Portland, Maine, April 16, 1853. In 
1870 he began civil and railroad engineering, 
9ecoming first assistant engineer on the 
sid Boston and Maine Railroad, but gave 
ip this position to enter Bowdoin College, 
irom which he received the degrees B.S., 
1875; M.S., 1879; and C.E., 1880. During 
part of this period he was designer and 
draftsman in various steel manufacturing 
plants. In 1880 he entered the laboratory 
of Thomas A. Edison, at the time Mr. Edi- 
son invented the incandescent electric lamp, 
as mathematical assistant. However, Mr. 
Clarke quickly engaged in experimental, 
testing, and research work and then design- 
ing of electrical generators and other ap- 
paratus for Mr. Edison’s first commercial 
system of lighting. In 1881, he was chief 
sngineer of the parent Edison Electric 
Light Company, and had _ engineering 
charge of the pioneer development and 
nstallation of the first system for central 
station and isolated plant lighting, organ- 
zed and managed the engineering staff and 
research and testing departments, and was 
consulting engineer of the allied operating 
sompanies. Between 1884 and 1887 he 
was engineer for the Telemeter Company, 
New York, and for the next 2 years was 
with the Gibson Electric Company, engaged 
n the development of storage batteries. 
Between 1889 and 1901 he was in consulting 
sngineering practice and on patent work. 
[in 1901 he became consulting engineer and 
oatent expert in the board of patent control 
of the General Electric Company and the 
Westinghouse Electric and Manufacturing 
Company, and in 1913 became consulting 
sngineer on the staff of the General Electric 
Sompany at Schenectady. Mr. Clarke 
1eld this position until his retirement in 
1931. Mr. Clarke’s position as one of the 
yutstanding pioneers of the electric industry 
S justified by his work on the design of the 
amous Jumbo machine installed on early 
Sdison systems, and his supervision of the 
nstallation of the Jumbo machines and 
ther equipment in the also famous Pearl 
Street station in New York. 


\ STATEMENT From Mr. CLARKE 
Mr. Clarke has contributed a statement 


or this anniversary issue of ELECTRICAL 
=NGINEERING, in which he expresses briefly 
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his feelings in respect to the past and present 
of the Institute, and the true status of the 
so-called machine age in which Institute 
members are so vitally concerned. Mr. 
Clarke’s statement follows: 

“On this 50th anniversary in the life of 
the American Institute of Electrical Engi- 
neers, a charter member is naturally in 
reminiscent mood to compare the early with 
the present status of the organization, which 
at the end of 3 years after its founding 
counted only about 30 members, with no 
assets now worth mentioning, and has phe- 
nomenally prospered, with a present mem- 
bership of 15,200, with assets amounting 
to some $800,000. This material growth 
symbolically bespeaks the value of the 
past accomplishments of the Institute for 
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the welfare of electrical engineers, and in 
turn, the obviously great worth of their 
service to society at large. The outcome 
of that service is seen and in use on every 
hand, both day and night, on a scale which 
in the aggregate is so immense as to be al- 
most beyond reckoning, it may quite truly 
be said. 

“Tncluded in major activities of members 
of the Institute have been the creating and 
applying of electric machines largely for 
operating in conjunction with other ma- 
chines, to lessen labor, or increase and lessen 
cost of production, or both. The members 
are historically acquainted with the long- 
ago periodical, unthinking agitations against 
and sometimes forceful opposition to, the use 
of these machines for these purposes. This 
objection to machines had died down, and 
was practically non-existent when the Insti- 
tute was founded. 

“But in the last 50 years, charter members, 
and other members in more recent years, 
have seen a phenomenal increase in use of 
such so-called labor saving machines, which 
has given opprobrious rise to the term ‘ma- 
chine age,’ and much comparatively recent 
misdirected agitation against this alleged 
condition, on the ground that labor has 
become the slave of the machine, which is 
patently an incorrect conception of the 
true situation. 

“Machines have neither souls nor hearts, 
thus can neither be soulless nor heartless, 
like some human beings. Nor can they 
make slaves of men, as can other men, who 
sometimes do so. Machines are but inert 
material tools in the hand of man, for him 
to use for a good purpose, or possibly for 
bad, if such be his disposition and intent. 
In this sense, no more and no less, they are 
exactly like the generally simple tools of 
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man in early centuries. So it comes to 
this: that the’welfare of society depends 
upon the acts of man toward man, fair or 
foul, just or unjust, machine or no machine. 
There can be no such condition as a ma- 
chine age in a sense invidious to the ma- 
chine. It may be made to do a great good, 
but of itself can harm no one. 

“Let not any member of the Institute 
be misled into discouragement by revival 
of the old agitation against machines; but 
let him keep on improving the old and add- 
ing to the number of new machines—all 
useful when under wise management, that 
has a heart and soul, and a moral interest 
in the just welfare of all men in all stations 
of life.” 


E. N. Dickerson 


Epwarp NicHoLtt Dickerson (A’84, 
member for life), electrical engineer and 
patent attorney, was born at Newport, 
R.I., August 23, 1852. Heisasonof E, N. 
Dickerson, Sr., who in the period of about 
1850 and 1860, was probably the outstand- 
ing patent attorney in the United States. 
E. N. Dickerson, Jr., the charter member 
of the Institute, graduated from Trinity 
College with the degree of A.B. in 1874, and 
from Columbia Law School with the degree 
of LL.B. in 1876. His principal activity 
has been the practice of patent law, which 
he has maintained in New York. During 
the early days of the Institute while it was 
active in an attempt to secure improved 
patent procedure, Mr. Dickerson suggested 
methods of providing reforms. He is a 
member of many clubs and associations in 
New York, several of them connected with 
the legal profession. 


Mr. Hamilton’s Statement 


A brief statement prepared by George A. 
Hamilton for this anniversary issue of 
ELECTRICAL ENGINEERING follows. A bio- 
graphical sketch of Mr. Hamilton, who 
served the Institute as its national treasurer 
over a 35-year period, and who was elected 
an Honorary Member of the Institute in 
1933, is given on a preceding page of this 
issue. 

“The Institute is now celebrating its 50th 
anniversary. The occasion naturally turns 
our attention to its earlier days, and the 
following brief references thereto may not 
be without interest. 

“Tn the early eighties there was much ac- 
tivity in electrical matters, new industries 
were coming to the front, and old ones ex- 
panding. In this connection the growing 
desire for some authoritative body to deal 
with the technical side of questions was 
felt, and on the initiative of N. S. Keith 
a meeting of those interested was called to 
consider the matter. The final outcome re- 
sulted in the organization of the Institute, 
with Dr. Norvin Green as president. 

“Under the favorable conditions the new 
body grew and prospered, slowly at first, 
and more rapidly later. By 1920 its rolls 
listed 10,000 members and by 1930 over 
18,000. 


L 


. “Members sometimes met at dinner for 
discussion and informal talks. 

“The first 3 or 4 years few papers were 
published but since there has been no 
dearth of papers as attested by the well- 
filled volumes of the PROCEEDINGS. 

“T have enjoyed my membership in the 
Institute as well for the social pleasures as 
for the technical information it has brought 
me, for the new acquaintances formed, and 
for the more frequent opportunities of meet- 
ing old ones, numbers of whom, alas, are 
no longer with us.” 


Frank B. Rae 


FRANK BENJAMIN Rak (A’84, M’20, mem- 
ber for life) another of the 6 living charter 
members, was born at Elmira, N. Y., 
July 25, 1854. Mr. Rae is self-educated. 
During the period of 1870 to 1881, he was in 
the telegraph service as messenger, operator, 
and manager of the Atlantic and Pacific 
Telegraph Company and the Western Union 
Telegraph Company. In 1881 he resigned 
from the position of electrician at San Fran- 
cisco for the latter company and became 
engineer for what was then the Brush Elec- 
tric Light Company, San Francisco, and 
manager of the San José (Calif.) Brush 
Electric Company. In 1883 he became 
engineer for the Commercial Telegram Com- 
pany (stock quotations) at New York. 
During the period of 1885-87 he was a 
consulting engineer at New York, as a 
member of the firm of Mailloux and Rae. 
In 1887 he was consulting engineer for the 
Barker Syndicate in China, and during 
1887-92 was engineer for the Detroit 
(Mich.) Electrical Works, engaged on the 
Rae Electric Railway System. Since 1892 
he has been a consulting electrical engineer, 
being at Detroit, Mich., 1892-95; Chicago, 
Ill., 1895-1900; New York, N. Y., 1900-05; 
Detroit, 1905-10; New York, 1910-13; 
Cleveland, Ohio, 1913-19; and San Fran- 
cisco, 1919-23. In 1923 he became electrical 
engineer for the city of Berkeley, Calif., 
resigning in 1930. Mr. Rae holds a total 
of about 100 patents. 


List of Charter Members 


In addition to the 6 living charter mem- 
bers just mentioned, there were 65 other 
charter members who are no longer living. 
Biographical sketches of 13 individuals in 
this latter group are given in associated 
pages of this issue. Six of these served the 
Institute as presidents, 3 were elected to 
honorary membership, 1 was awarded 
the John Fritz medal, while 1 charter 
member served the Institute as secretary, 
and 2 as treasurers. 

A list of all who have been definitely de- 
termined to have been charter members of 
the Institute follows. For those who are 
mentioned in biographical sketches in this 
issue, reference to the page number where 
the sketch appears is given after the name. 


Adams, H. C., New York Agent, Fort 
Wayne Jenney Elec. Lt. Co., New York, 
IN 


Bates, D. H., Pres., B. & O. Tel. Co., New 
York, N. Y. 
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Bell, Prof. A. Graham, Washington, D. C. 
(p. 791) 


Berliner, 
DIC 


Bosch, Adam, Supt., Fire Alarm Telegraph, 
Newark, N. J. 

Brush, Chas. F., Elec. Engr., Cleveland, 
Ohio. (p. 815) 

Buckingham, Chas. L., Counsel, Western 
Union Tel. Co., New York, N. Y. 


Cheever, Chas. A., New York, N. Y. 

Chinnock, C. E., Edison Elec. Illuminating 
Co., New York, N. Y. 

Clarke, Charles L., Elec. Engr., Gibson Elec- 
tric Co., New York, N. Y. (p. 823) 
Cleveland, Wm. B., Elec. Engr., Cleveland, 

Ohio. 

Cross, Chas. R., Thayer Prof. of Physics, 
and Director of the Rogers Lab., Mass. 
Inst. of Tech., Boston, Mass. 

Curtis, Chas. G., New York, N. Y. 


Dana, R. K., Agent, Washburn and Moen 
Mfg. Co., New York, N. Y. 

Davis, Jos. P., Vice-Pres., Met. Tel. and 
Tel. Co., New York, N. Y. 

Delaney, P. B., Synchronous Multiplex 
Telegraph, New York. 

Dickerson, E. N., Jr., Electrician and Coun- 
sel in Patent Causes, New York, N. Y. 
(p. 823) 


Diehl, Philip, Inventor, Singer Sewing 
Machine Co., Elizabeth, N. J. 

Durant, Geo. F., Vice-Pres. of Bell Tel. Co. 
of Mo., St. Louis, Mo. 


Edison, Thomas A., Inventor, Orange, N. J. 
(p. 814) 

Emmet, Herman L. R., Publisher and 
Printer, New York, N. Y. 


Farmer, Prof. Moses G., Electrician and 
Inventor, Eliot, Me. (p. 811) 

Field, Stephen D., Electrician, Commercial 
Tel. Co., New York, N. Y. 


Gilliland, E. T., Vice-Pres., Empire City 
Elec. Co., New York, N. Y. 


Green, Norvin, Pres., Western Union Tel. 
Co., New York, N. Y. (p. 788) 


Hall, Clayton C., Civil Engr., Baltimore, 
Md. 

Hamilton, George A., Electrician, Western 
Union Tel. Co., New York, N.Y. (p. 816) 

Haskins, Charles D., Elec. Engr., Western 
Elec. Co., New York, N. Y. 

Hazard, Rowland R., Pres., Gramme Elec. 
Co., New York, N. Y. (p..821) 

Healy, Clarence L., Supt. and Electrician, 
Commercial Telegraph Co., New York, 
ING Se 

Hebard, George W., Pres., United States 
Elec. Lt. Co., New York, N. Y. 

Hochhausen, William, Pres., Excelsior Elec. 
Co., Brooklyn, N. Y. 

Houston, Prof. Edwin J., Electrician, 
Thomson-Houston Co., Lynn, Mass. (p. 
792) 

Johnston, W. J., Publisher of The Elec- 
trical World, New York, N. Y. 


Jones, F. W., Electrician, Bankers and Mer- 
chants Tel. Co., New York, N. Y. 


Keith, N. S., Elec. Engr., New York, N. Y. 
(p. 820) 


Emile, Inventor, Washington, 
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Leland, H. W., Mer., Telephone Exchang 
Jersey City, N. J. 

Lockwood, Thomas D., Electrician, An 
Bell Tel. Co., New York, N. Y. 


Madden, O. E., Pres., Empire City Ele 
Co., New York, N. Y. 

Mailloux, C. O., Elec. Engr., New Yor! 
N.Y. (p. 800) 

Martin, T. Comerford, The Electrical Worl 
New York, N. Y. (p. 789) 

Maynard, Geo. C., Electrician, Washingto1 
Dace 

McKinistry, J. P., Cleveland, Ohio. 


Morrison, J. Frank, Baltimore, Md. 


Phelps, Geo. M., Elec. Engr. and Edito 
New York, N. Y. (p. 821) 

Plush, Dr. S. M., Electrician, Philadelphi: 
Pan 

Pope, Franklin L., Solicitor of Patent: 
New York, N. Y. (p. 788) 


Rae, Frank B., Supt., Commercial Tel. Co 
New York, N. Y. (p. 824) 


Reilly, J. C., Supt., N. Y. & N. J. Tel. Co 
Brooklyn, N. Y. 
Roome, H. C., New York, N. Y. 


Royce, Fred W., Electrician and Pater 
Solicitor, Washington, D. C. 


Sargent, W. D., Gen. Mgr., N. Y. & N. - 
Tel. Co., Brooklyn, N. Y.’ 

Seely, J. A., Electrician, Metropolitan Te 
and Tel. Co., New York, N. Y. 

Slater, Henry B., Elec. Engr. and Electr¢ 
metallurgist, Leadville, Colo. 

Smith, Gerritt, Circuit Electrician, Wester 
Union Tel. Co., New York, N. Y. 

Smith, J. Elliot, Supt., Fire Alarm Tek 
graph, New York, N. Y. 

Smith, Jesse M., Cons. Elec. Engr. an 
Expert in Patent Cases, Detroit, Mich. 

Sperry, E. A., Elec. Engr., Chicago, Ill. (4 
818) 

Stockly, Geo. W., Vice-Pres. and Mer 
Brush Elec. Co., Cleveland, Ohio. 


Thompson, Edward P., Cons. Electricia 
and Patent Atty. in Elec. Cases, Ne 
York, N. Y. 

Thomson, Prof. Elihu, Electrician, Thomsor 
Houston E. Co., Lynn, Mass. (p. 79( 

Trowbridge, Prof. W. P., Columbia Colleg 
New York, N. Y. 


Vail, Theo. N., Pres., Metropolitan Te 
and Tel. Co., New York, N. Y. 

Vansize, William B., Solicitor of Patent 
New York, N. Y. 

Wallace, William, Wire Mfg., 
Conn. 

Waring, Richard, Pittsburgh, Pa. 

Weston, Edward, Electrician, United State 


Elec. Lighting Co., New York, N. \ 
(p. 789) 


Wetzler, Joseph, Editor, “The Electric 
World,’ New York, N. Y. 


White, H. C., Mgr., Phoenix Iron Worl 
Co., New York, N. Y. 


Williams, Charles, Jr., Electrician, Bosto 
Mass. 


Worthington, Geo., Electrical Review, Ne 
York. 


Ansoni 
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Among Long-Standing Members 


Aaa the American Institute of Electrical Engineers often 

is referred to by some of its most ardent supporters as an “organi- 
ation of young men,” and correctly so on the basis of membership 
nalysis, here is a list of members that have been on the Institute’s 
Ils for a total of some 35 to 50 years each, with an average tenure of 
lembership for the 317 of them amounting to more than 40 years! 
Ithough the bulk of the burden of leadership and development may 
ull upon the younger members, the wealth of experience represented 
1 the professional careers of these and other long-time members of the 
nstitute is one of the Institute’s greatest assets. 


1884 (7) 


larke, Chas. L..Schenectady, N. Y. 
ickerson, E. N...New York, N. Y. 
amilton, Geo. A...Elizabeth, N. J. 


Mlis, John.<....0. Cleveland, Ohio 
ye. Frank B..... 0.7 Berkeley, Calif. 
somson, Elihu......... Lynn, Mass. 
eston, Edward....... Newark, N. J. 
1886 (4) 
avis, M. M..North Chatham, Mass. 
anter, Ri Mi... i. Philadelphia, Pa. 
ull Samuel... 2.0. Chicago, III. 
EMPLOI Wiw eo seve en cees oh a's Portland, Ore. 
1887 (16) 


HCATIW MMOIMASE.. isco ew nie sel eee 
Je ee Ottawa, Ontario, Canada 


ates, J. H. S........Olympia, Wash. 
Bweil, Jo Wo... 2s ae Newark, N. J. 
owson, Hubert....New York, N. Y. 
eckson, D. C.....Cambridge, Mass. 
BPUGIS ES. 1G. slekicsise ates Ithaca, N. Y. 


Brea Me Estes es 6 Elmhurst, Il. 
yrter, J. F........Kansas City, Mo. 
ice, E. W., Jr...Schenectady, N. Y. 
»binson, Almon...... Lewiston, Me. 
ghrer, A. L....... Maplewood, N. J. 
yan, H. J.....Stanford Univ., Calif. 
Sague, Fy J.....% New York, N. Y. 
LV, Awe. . s+. New York, Na Y. 
Beks, H.R... 3... Kansas City, Mo. 
elles, F. R.........Altadena, Calif. 


1888 (7) 


aidmark, C. J... New Haven, Conn. 
ennelly, A. E.....Cambridge, Mass. 


RG oy eee London, England 
‘sla, Nikola.......New York, N. Y. 
ywnsend, H. C....New York, N. Y. 
addell, Montgomery.............% 
Mate ak hel ous os New York, N. Y. 
ilson, Fremont....New York, N. Y. 
1889 (15) 
lis, R. N........Bloomfield, N. J. 
Be Ce) feed ete ehs'avin 0 Hoboken, N. J. 
MDW RGS Also eters aes aca Newark, N. J. 
MISE Wats a ete w as kis Salem, Ohio 
pane, S. E........New York, N. Y. 
inlap, W. K...East Pittsburgh, Pa. 
Wess ie Nicecche ss? Boston, Mass. 
snshaw, F. V......New York, N. Y. 


mp, Hermann....New York, N. Y. 
osscrop, W. A...Hempstead, N. Y. 
rsell, H. V. A.....New York, N. Y. 


ndall, J. E........Cleveland, Ohio 
ebbins, Theodore..New York, N. Y. 
hite, J. G.........New York, N. Y. 
BIO WL) Bieviien ccecss Nice, France 
1890 (20) 
NEE CUS Wat Cac: etesan 78 Montclair, N. J. 
ack, C. N.....San Francisco, Calif. 
ooks, Morgan...... Urbana, Illinois 
1 1 OR CRE ee cre Plainfield, N. J. 
vis, C. H.........Cape Cod, Mass. 
3: 04s a alt o Fae eae geae Lansdowne, Pa. 
mer, William..... Philadelphia, Pa. 
| A ee New Rochelle, N. Y. 
eedman, W. H.......Nyack, N. Y. 


itchinson, C. T...New York, N. Y. 


p) J. C...........-. Wellesley, Mass. 
ndell, Robert...... Vreten, Sweden 
Ede. ., 50.1 s-New ork, N: Y. 
Jo, ert tel Beare New York, N. Y. 
{Ah eee Schenectady, N. Y. 


senberg, E. M.... Brooklyn, N. Y. 
belacker, C. F....New York, N. Y. 
ters, E. G.....Schenectady, N. Y. 
REE Ws Pee nee 0/6 New York, N. Y. 
nitmore, W. G..St. Petersburg, Fla 


y 1934 


1891 (18) 


Bedell, Frederick....... Ithaca, N. Y. 
Bourne, Frank...... London, England 
Caldwell, Edward...New York, N. Y. 
Dunn, Gano........New York, N. Y. 
Gordon, Reginald... Newburgh, N. Y. 
Hewlett, E. M....Schenectady, N. Y. 


Land: Praak soc .cccc or Nyack, N. Y. 
Lovejoy, J. R.....Schenectady, N. Y. 
Mordey, W. M..... London, England 
Pattison, F. A...... New York, N. Y. 
Pike: Co. Wit a.ous Philadelphia, Pa. 
Rosebrughs DT Rinne ate ee 

,ooesnondd Toronto, Ontario, Canada 
Simpsons A. Biases Brooklyn, N. Y. 


Stone, C. A.........New York, N. Y. 
Strong, F. G...... Wethersfield, Conn. 
Vanwyck, P. V. R..New York, N. Y. 
Webster, E. S.......... Boston, Mass. 
Wilson, C. H.. Mountain Lakes, N. J. 


1892 (16) 
Aldrich, WOSS, vec: Syracuse, N. Y. 
Arnold Ds Jerciech aden a cnicago, Di. 
Cory iC altieencnse Berkeley, Calif. 


Crehore, A. C.....E. Cleveland, Ohio 
Edwards, J. P.......Cave Spring, Ga. 


‘Gale, cH Bei ctccstoe Natick, Mass. 
Hanting, -F. S... 2.0%: Fort Wayne, Ind. 
Wackson ey bee ries New York, N. Y. 
Meyer, Julius...... New York, N. Y. 
Page, A. Disseses oc Clayton; N: J. 


RAY sn We Dimes a eracie ekucagor TI. 
PROSS i Rea tates 


Ruste Weis Montreal, Quebec, Canada 
Sachs, Joseph........ Hartford, Conn. 
Scott, C. F........New Haven, Conn. 
Sitti ahi eee cetera ets Allentown, Pa. 
Stillwell, L. B.s...... Princeton, N. J. 

1893 (35) 
Adawis,A~ Dim stescs's Boston, Mass. 
Barhoun bs acces Oakland, Calif. 
Barnes, BOA. ccc): Fort Wayne, Ind. 
Boggs, L. S........ E. Pittsburgh, Pa. 
Brenner, W. H..........Atlanta, Ga. 
Burke; }James: ic. oe ee ces Erie, Pa. 


Burnett, Douglas.....Baltimore, Md. 
Burton, W. C.......New York, N. Y. 


Carpenter Cuda cactieie aarntis sratenets 

ic asaiaue #6 Hopewell Junction, N. Y. 
Comstock, L. K.....New York, N. Y. 
Corey, F. B..........Barberton, Ohio 
Corson, W. R. C.....Hartford, Conn. 
Creaghead, T. J...... Covington, Ky. 
Dodge, O. G....... Washington, D. C. 
Dow CAslex sack sees Detroit, Mich. 


Emmet, W. L. R..Schenectady, N. Y. 
Ely, W. G........Schenectady, N. Y. 
Fitzmaurice, J. S.. Adelaide, Australia 


GertyaiepEL a) rearoeisccksicnecerensiateverese 

Sab uSb Ome Tits San Francisco, Calif. 
GoldsboroGigh, W. E...u. cece ets 

5 NO Oe CRORE New York, N. Y. 
Iwadare, Kunihiko..... Tokyo, Japan 
eile wit. Ex vcicssicis.c New York, N. Y. 
NWT eredith se W yiitticnrs cveteels scotererrel sisters 

FAIS Oia LAO San Francisco, Calif. 
Moore, D. McF...... Harrison, N. J. 
Osborne, L. A.......New York, N. Y. 
Paffer, Wi Lives. cncecss Boston, Mass. 
Ropers Ds Waeneee ee eee nicago, Til 
Sands, FiaS.ccce< cen Wheeling, W. Va. 
Scheffler, F. A...... New York, N. Y. 
SeewAnB Wastes ners New York, N. Y. 
Stortsy blewAy acces Oakland, Calif. 
Wat) Bisco. Chesterton, Ind. 


Waterman, F. N....New York, N. Y. 
Worswick, A. E..... London, England 


Wray Je Gis onic les ie tae Chicago, Il. 
1894 (35) 

Adams, C. A.......Cambridge, Mass. 

Agnew, C. R........New York, N. Y. 


Archbold, W. K......Syracuse, N. Y. 
Barstow, W.S......New York, N. Y. 
Berg, E. J........Schenectady, N. Y. 
Berresford, A. W...New York, N. Y. 
Billberg, C. O. C....Philadelphia, Pa. 


IBissh Wiener Niagara Falls, N. Y. 
Botleau We Ese Bath, N. Y. 
Caldwell, F. GC... 0.65 Columbus, Ohio 
Carichoff, E. R...Schenectady, N. Y. 
Chesney Gs Ce Pittsfield, Mass. 
Cohow Ha Bieanwa.s New York, N. Y. 
Dommerque, F. J... .Lakewood, N. J. 
Donn, KG. ee Berkeley, Calif. 
Gossler, PP: G.s ocss New York, N. Y. 
Hadaway, WS: Jrincsesccoeenees 

RO Or STC New Rochelle, N. Y. 
Hadley, A. L.......Fort Wayne, Ind. 


Hewitt, W. R.......New York, N. Y. 
Hobart, H. M....Schenectady, N. Y. 


Hubley GoW... =. 228. Louisville, Ky. 
Kirkland vJa-Wenccscamnanc = ceaoeite 

Per Or Johannesburg, S. Africa 
Knox bien. Mt. Pleasant, S. C. 
Wardner, H- Ay.....- New York, N. Y. 
Moses PRorciret New York, N. Y. 
NeilersS Giaccone Chicago, III. 
Olivetti, Camillo......... Ivrea, Italy 
Phillips, L. A.......New York, N. Y. 
Price; |\Ci Wp amenr New York, N. Y. 
Reed Hv Di.ceeen New York, N. Y. 
Rouquette, W. F. B.. Brooklyn, N. Y. 
Sever; G. Fi. Kingston, Mass. 
Smith, F. E..... San Francisco, Calif. 
Smith, J. B........ Manchester, N. H. 
Daity he Man. . s  Dayton, Olio 

1895 (38) 

Bancroft, C. F....St. Petersburg, Fla. 
Berg, Eskal. 3... Schenectady, N. Y. 
Boyer, E. Boa. .3.<: East Lynn, Mass. 
Buck HW. eee: New York, N. Y. 
Burton, P. G...... Washington, D. C. 
Cabot, F. E.......East Milton, Mass. 
Coles Eo Pav. cee ee Charlotte, N. C. 
Coster, Maurice....New York, N. Y. 
Crawiord, Di Fivc.-.s Pittsburgh, Pa. 
WA WIS SW Dy d hacts sicieiaisiet ies isze aren ie 

E alstelacetoterslavencve ate Schenectady, N. Y. 
Degen, Lewis...... Burlingame, Calif. 


Fisher, H. W.....St. Petersburg, Fla. 
Fortenbaugh,'S: Bivins ccs. 5 vie se ee 

syate tears letters love Schenectady, N. Y. 
Garrels, W.L......200s: Kirkwood, Mo. 
Gherardi, Bancroft... New York, N. Y. 


Gherky, W. D.......Philadelphia, Pa. 
Harvey, R. R....... Wilkes-Barre, Pa. 
Hewitt: Co Eee Walpole, N. H. 
Hubbard, “A: Siccu. sors Bethel, Conn. 
Klinck, J. H.......E. Pittsburgh, Pa. 


setae LEMACAS EN. Mc 
... Pasadena, Calif. 
. New York, N. Y. 


Lincoln, P. M... 
McMeen, S. G.. 
Mershoa, R. D.... 


Merz aCr Hennurciitae London, England 
Nunn, P. N.....Salt Lake City, Utah 
Parry, Evan: © 0c... London, England 
Pinkerton, Andrew.... Pittsburgh, Pa. 
Powell, P. H.....- Wallingford, Conn. 
PRICES Be iss tee New York, N. Y. 
Robinson, D. P......Philadelphia, Pa. 
Roller he Westie ae New York, N. Y. 
Rushmore, D. B....New York, N. Y. 
Storer, N. W.......E. Pittsburgh, Pa. 
Swenson, B. V...... New York, N. Y. 
Torchio, Philip.....New York, N. Y. 
Warren} Av Kio... New York, N. Y. 
IWieb by bl aSikiceam stomiates Scranton, Pa. 


Wilcox, N. T... Melvin Village, N. H. 


1896 (33) 
Appleyard, A. E........Ashland, Wis. 
Betts, Philander.......Newark, N. J. 


Biddle, J. G.........Philadelphia, Pa. 
Brinckerhoff, H. M...New York, N. Y 
Chapman, A. W....New York, N. Y. 
(@) Ging oa OE 0 Ce Se New York, N. Y. 
CSGUEett, wi cseass . Brooklyn, N. Y. 
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Crain?) einen Waterbury, Conn. 
Cunningham, E. R.....Portland, Ore. 
Koster, So Grane San Francisco, Calif. 
Goddard, @x Mirena er Boston, Mass. 
Gorrissen), Charles) i200. sacs sles nero 

Rasregie ewe aare ee Hamburg, Germany 
Greenleaf, aSs2 06 sans 6 Troy, N. Y. 
Griffes, E. V........Hollywood, Calif. 
Hadley ot) Witiwes cee Atlanta, Ga. 
Hammer, FE. W.....New York, N. Y. 
Hathaway.) JcaD vacates sete terete 

seat aseliate Montreal, Quebec, Canada 
Hill, Nicholas, Jr... New York, N. Y. 
Humphrey, H. H...... St. Louis, Mo. 
lijima, Zentaro...3.... Tokyo, Japan 


Little, C. W. G.....London, England 
Maxwell, Eugene... .Scottsbluff, Neb. 


Mooresiwe Beene Pittsburgh, Pa. 
Porter, H. H........New York, N. Y. 
Reid Vey Geng meaner New York, N. Y. 
Sampson, F. D.......Charlotte, N. C. 


Schwabe, W. P.. Thompsonville, Conn. 
Speed, Buckner..... New York, N. Y. 
Stewart, R.S.........La Jolla, Calif. 


Straus, TV Ee.o..o Baltimore, Md. 

Wagner) BvAl coc. Pittsfield, Mass. 

Whitaker, S. E......Bronxville, N. Y. 

Wise. JSi Jets Allentown, Pa. 
1897 (22) 

Brackett, B. B...... Vermillion, S. D. 


Clement, E. E..... Washington, D. C. 
Copeland, C. A....Los Angeles, Calif. 
Edimands) I) Rij o.c- Brookline, Mass. 
Frankenfield, Buddtvuanonsere ani 

Sash otalahvial ois eterevers Los Angeles, Calif. 
Hommel, Ludwig..... Pittsburgh, Pa. 
Hopewell, C. F....Watertown, Mass. 
Hosmer, Sidney....... Boston, Mass. 
Jackson, W. B 
Kenan, W. R., J 


Kinsley. Carlicacce ne Kearny, N. J. 
Kilauder) Rao. .ee Philadelphia, Pa. 
MacGregor, W. H..... Bayside, N. Y. 
Mathers Bi Hea nenwme: Boston, Mass. 
Mole) He Bicsecunicces Summit, N. J. 
Pillsbury, C. L...Minneapolis, Minn. 

1G; (CRW ic cosas es New York, N. Y. 
Richey, A. S........ Worcester, Mass. 
Scott; WN at car Philadelphia, Pa. 
Shaw, Hy Bienes Raleigh, N. C. 
Williams, Arthur.,..New York, N. Y. 
Wallis oF a Jscenicaeteicten Richmond, Va. 

1898 (27) 


Allen, W. C......San Francisco, Calif. 
Armstrong, A. H..Schenectady, N. Y. 


Beebe, M. C...,... Waterbury, Conn. 
Carter, F. W.....%.. Rugby, England 
Crowell, Robinson. ...Oakland, Calif. 
DamonyGa Acces Pasadena, Calif. 
Dates Avi Bin cc.sioes Cleveland, Ohio 
Davis, A. Giscceai. New York, N. Y. 
Doherty, H. 0.52. New York, N. Y. 
Downing, PeMeriicn ccicnrecieteleioe ities 

Pen eins Mevetocanete San Francisco, Calif. 
GallatinviAn Reaeteee New York, N. Y. 
Garfield; A. Sins tcesccn Paris, France 


Gaytes Herbert..San Francisco, Calif. 
Gladson, W. N.....Fayetteville, Ark. 
Hoffmann, Bernhard. New York ,N. Y. 
James, H. D.......E. Pittsburgh, Pa. 


Leitch, H. W.....0« New York, N. Y. 
Livingston, J... ..<. New York, N. Y. 
Lohman, R. W....Los Angeles, Calif. 
Muschenheim Riv Asccraaeicteics ciesisceiere 

Waleicleniste steibie sices New York, N. Y. 
SharpyiCs ease White Plains, N. Y. 
Thompson, J. W.gs cna we coke a leet 

a brats ce niateneriinte Puebla Peu, Mexico 
Wripiers Hentt, cae ees Paris, France 
Vreeland, F. K...... New York, N. Y. 
Wagner, H. A........ Baltimore, Md. 
Winfield, J. H... Halifax, Nova Scotia. 
Woodbruiges st Pats ass aces ne 

Lei nanrataatersie San Francisco, Calif. 

1899 (25) 

Bogen, Bb. ES. 6c ec Miiwaukee, Wis. 


Burkett, C. W...San Francisco, Calif. 
Chappell, W. E....Sheffield, England 


1B gd ee Beeeacaricrie Piedmont, Calif. 
Edwards, C. V.....New York, N. Y. 
Grant, L. T.....San Francisco, Calif. 
Hallberg, J. H.....New York, N. Y. 
Hardy. iCal ee Oakland, Calif. 
Hewlett: 6. Bo Jou sce ane 

Riatetaiars! bin main moe Mansfield, England 
Wl; Bs ic scene New York, N. Y. 
Ensully Me yse rece. ver Chicago, IIl. 
Lawrence, W. H....New York, N. Y. 
Layman, W..A.....34% Chicago, Ill. 
Lyford, O. S........Bronxville, N. Y. 
McCarter, R. D....New York, N. Y. 
Moody, Vs Dirarics New York, N. Y. 
Peck, J. S...... Manchester, England 
Pendell, GC. Wee. css nan Chicago, Ill. 
Schweitzer, E. O......... Chicago, Ill 
Scudder, H...... Schenectady, N. Y. 


Skinner, C. E.. 
Swope, G...........New York, N. Y. 


..... Wilkensburg, Pa. 


SWelias Ws ee eee Brooklyn, N. Y 

Wilson, Ei..Sis.s x ses Brooklyn, N. Y. 

Wolff, F. A Washington, D. C 
SOR 
¢ 25 


Groups on Which the Institute Is Represented 
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Sen as eee SS SSS SS Ss eS aS Se See = 
Natlebureatom bne es Registration: sos cr. ceco ese cseecereeoe secs eeee= . 
Coord Commof Png eiSoctetiesian = ce 2. ofe: essere eee ecgeeceenen ce ® 
International Edison Foundation a) 
Research Procedure Comm., Eng’g Foundation.....................-...- ee 
Taira SS CXay TL Shaye CLS VAUD DY EN NO) Bie ee enc rs eee ep nae Oe -0e@ 
iectme ot ds Comin, AsSeA cnc nce cetrcstees th cstivavegeeerane - 60 
Amer. Comm. Marking Obstructions to Air Navigation............ -@@ 
Eng’g Soc. Comm. Century of Progress Exp... . .....-.-----.--+------------ rn) 
Ady. Comm. on Aeronautic Radio Resear ch..................2..--2---.------~ 20a 
Eng’g Societies Monographs Comm..........2....2-22.-21.-----22------------ - 0800 
Educ. Research Com., The Eng’g Foundation... e20@ 
PoovermMiedalvboatd Of Award ies esse esccre cence cece ona ctecnpenscetecavenae ®@O00 
HANG REE INGENTA CORT Ni coe ene eee ee oe EES edaeod 
Eng’g Index Advisory Board... - 0800080: 
Common Heat Transmission, IN-RY C2022 225.382 ne iden ceecteceeene -. PBGOCO®QD 
PAIROTICATINOUATIC AIS WA SS 1 ees tees cee rere eS so cee Se hae nee sen cac ee -- @O00080 
Bd. Trustees Nat'l Museum Eng’g & Ind...........2.-.02.-2-00-02000-002--= O's... eee 
LEU DRILUAE LAO. SOG IS oe PN Ae a EP Be -O©@G@6. ..8 
Radio Adv. Comm., Bureau of St’ds -8®SSSSDEOD 
Wat'ESafety Coun., A.S.S.E. Eng’g Sect..- occ. creee ence -8OGOOOROD: 
Gilbreth Int’l Comm. on Elim. Fatigue, S.I.E....--.-.--. -----.-------------- -@®@GCG008. 
American Marine Standards Comm... -PBOGOOCRDOOGD: 
Soc. Pro. Eng’g Educ., Bd. Invest & Cord... 2 -----------0-e-n---nen -@8O0@000080... 
Joint Conference Comm. of Founder Societies. ..2...---.-------.------------ -@0GGO0G00080. 
Nat’ luKire Waste, Council os. occ et en cneces -@2O@OOGOOOCOD 
Apparatus Maker & Users. Comm. of N.R.C......-.... : GBSSCGODGOOD 
Chas. A. Coffin Fellowship & Research Fund Comm.... ft is GBSPSSSOOOCHO: 
Joint Comm. on Synch. Motors for Refrig. Mach........----.------------- 5. O10 Os ee an 
U.S. Nat’! Comm. Int’! Electrotechnical Com..........-...--.-.- -®GOO000080 e ae’ 
Joint Comm. on Welded Rail Joints. -2B2OOOOSEEHOO 
Agmerican Eig7e Council Assen) yee cee aoe areca ceo ectn cee cneereees OOOO OOROOD: 
Franco-A merican Engg. COMM 2 t------a----nen ent enen en ene eee peeeeceee  OIRDIG Ou eee , 
PASEO TAGS TUES ULC ATLLOL VV CLONE Ge seeaeeenreee ees seh eh ge sc seseeeare are see -@8@000000 @ PS ° ® ® @ ( 
Spec. Joint Comm. Determination of Power Factor Polyphase.....- StDEO: eee f 
Joint Comm. on Std Threads-Insulators & Pins 5:0 OG seu se A ee 
Nat’! Research Coun., Eng’g & Indust. Research....................... DPOOOSOOOOOROCSCOOD: 
Comm. Gen’l Eng’g Adv. Com. Coun. Nat'l Defense.........-..-..------- eon © , = 
Joseph A. Holmes Safety Ass'n OB OO GiG OF ore 
Commission of Washington Award............2...22-20--24::2eeeeeeeeeeseeee -PBOPOOOHOSOOOOTOOOOD: 
American Ege Standards Coma. ....2-2.2--0.-ctet--tocViei dencvaecevecdecana-e -8®0OOOOOO00080 
Joint Comm. on Metric System... a ee hey. 
Pan-American Eng’g Comm...... . a2Ge@ 
Engineering Foundation Board............... i @ eGo ® ® Ps ® eo @ PS ® ® ® @ Q ® é ( 
Joint Comm. on Eng’rs Officers Ricoh Cores f Eee Meet eee CSE) ye 
Joint Comm. Classification Tech. Literature... -@00. 
Naval Consulting Board q @GOC00080. 
Nat'l Joint Comm. Overh’d & Undergr’d Line Constr...........2-2.-.-- R @ @2GOGC00. : 
PAIIMELACOM © OMIM gOUE LECINOL ISO Saco ee eee eon te eee ee -P2SPCOOROOOCO é ® ® @ s Ss @ ® é 
U.S. Nat’! Comm. of Int’! Illumination Com........ -PBODOOOOOHOOODDVOOSHOD: 
Joint Comm. on Legislation Relative Licensing Engrs.. Seve)» 
Panama-Pacific Int’l Congress (1915) Bd. Managers. 5 BE) as 
NatiliConservation Congress, Add: Bd siiic.n.2. 2.0 jetctncnceccectecnnesneeenee " Bee. 
Library Board, United Eng’g Trustees Inc..i2).._..2.....eeeeseneeee eee r ® @8GG0000 ® ® eS @ FS Q ® Q ® a ® S @ ( 
Amer. Elect. Rarlway Ass’n Joint Use of Poles. SOMOS 5 <. : : a 
Joint Confer. Comm. of the Eng’ g S06... —@GO6000066......—) 
THOT CATT BYE AT BS OOK GAG Wis 03 ests eeneeesta ec eee eee dence -POSHOSHPGCOGO.... OCOSOOOOG! 
Resuscitation Commission......-.-.--.....--se-pe00--- LO Ore i 
Nat’l Fire Protection Ass’n, Electr. Comm.. -@G00800 ® S @ @ @ ® Ps ® ® @ ® ® ® is S @@ 
Gov't Adv. Bd. Fuels & Struct. Mats.......... A) 


American Ass’n Adv. of Science Cotincil 2.2 ccocdl eee eceecee eee 
Ott COMM, Of BNO 2 BI GUCAH ON sace-css-s222cstetecteecesassesee 


United Eng’g Trustees Inc 
Joint Comm. Union Eng’g Bldg... 


John Fritz Medal Board of Award_—_ 222... ecw neereee 


-8Oe@ee. 


HIS CHART shows the representation 

of the Institute on joint projects, since 
1903, at which time joint participation was 
placed upon a more definite basis than previ- 
ously existed. This chart is arranged to 
illustrate the expansion of interest in the 
later years. 


The abbreviations used in the titles are 
as follows: 
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-DOSDSSOSSSHHSHOOS. of i 
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: 29S SOOOOHO9FHOSSOCHOOOHOOOOOS 


Adv. Advisory 
Bd. Board 

Com Commission 
Comm Committee 


In addition to these organizations on 
which the Institute has official representa- 
tives, there are of course a number of con- 
gresses and special commissions to which the 
Institute has sent delegates. These in- 
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clude the most important congresses helc 
throughout the world since the organizatior 
of the Institute. 


Note: The U.S. National Committee of the In 
ternational Electrotechnical Commission Repre 
sentatives, shown on this chart, is successor to th 
General committee which was dissolved in 1921, a 
shown on the chart of committees. 
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Chart of Institute Committees 
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Institute activities as reflected by the 
number and diversity of committees. Only 
those committees acting for 2 years or more 
are shown. In every case the title is that 
by which it was last known, although it 
may have developed from another com- 
mittee of different name but similar purpose. 

The committees are designated as Gen- 
eral, Technical, or Special by the letter in the 
irst column following the title. Commit- 
ees once known as ‘‘Standing”’ are classed as 
General, as are those of the earlier years 
when no differentiation was made. 


May 1934 


Although the records of committee ac- 
tivities preceding 1887 are not complete, 
the following standing committees and their 
chairman appointed by the council of the 
Institute at its second meeting June 3, 1884, 
gives a very good idea of the recognized 
division of electrical engineering at that 
date: 

Dynamo -Electric Machines—Edward Weston 
Telephones—Alexander Graham Bell 
Telegraphs—George A. Hamilton 

Arc Lamps—Edwin J. Houston 

Incandescent Lamps—Thomas A. Edison 


Prime Motor and Transmission of Power—Edward 
Weston 
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George A. Hamilton 

Electrochemistry and Metallurgy—Nathaniel S. 
Keith 

Voltaic Batteries, Galvanometers, 
ments—Charles H. Haskins 
Secondary Batteries—Edward J. Houston 


and Measure- 


In the first 4 volumes of the Institute’s 
yearly TRANSACTIONS, references are made 
to various committees, most of which served 
only for a short time to meet some particu- 
lar need. There was, of course, the com- 
mittee on organization mentioned in the 
article ‘‘Formation of the Institute and the 
Enrolling of Its Charter Members’ ap- 
pearing on p. 822-4 of this issue. 
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Chairmen of the Institute's Committees 


A CUMULATIVE listing of the chair- 
men of the Institute’s general, technical, 
and special committees is given in the pages 
immediately following. These committees 
correspond with those shown in the charts 
on the preceding page. In the following 
listing, the dates of organization of the 
committees are given, together with the 
names and terms of service of all chairmen 
of these committees. 


Executive Committee. Organized in 1896 to func- 
tion as required between regular meetings of the 
board of directors. 


Louis Duncan, Baltimore, Md............. 1896-97 
F. B. Crocker, New York, N. Y...........1897-98 
A. E. Kennelly, Philadelphia, Pa..........1898-00 


Carl Hering, Philadelphia, Pa............. 1900-01 


C. P. Steinmetz, Schenectady, N. Y.......1901-02 
C. F. Scott, Pittsburgh, Pa...............1902-03 
Bale Arnold) Chicago; iis... or: =e = 2903-04 


ea Wanieb Jie New Wonk, Nee. ne =: 1904-05 


S. S. Wheeler, Ampere, N. J..............1905-06 
Samuel Sheldon, Brooklyn, N. Y..........1906—-07 
Ha Gs Stott. New Vork, N. Vin....a..-. + -1907—08 
WarAG Rersiisony Chicagoan Pl cayman eset 1908-09 
L. B. Stillwell, New York, N. Y........... 1909-10 
D. C. Jackson, Boston, Mass............. 1910-11 
Gano Dunn, New York, N. Y............ 1911-12 
R. D. Mershon, New York, N. Y......... 1912-13 
C. O. Mailloux, New York, N. Y.......... 1913-14 
P. M. Lincoln, East Pittsburgh, Pa........ 1914-15 
ena Carty mNews VOLK Na Vien cite. ar scene 1915-16 
H. W. Buck, New York, N. Y...........:1916-17 
E. W. Rice, Jr., Schenectady, N.. Y........ 1917-18 
@wAL Adams; New Work, N. Yenso... 22.5 1918-19 
Calvert Townley, New York, N. Y........ 1919-20 
A. W. Berresford, Milwaukee, Wis........ 1920-21 
William McClellan, Philadelphia, Pa...... 1921-22 
FE. B. Jewett, New York, N. Y...........- 1922-23 
H. J. Ryan, Stanford Univ., Calif......... 1923-24 
Farley Osgood, Newark, N. J............- 1924-25 
M. I. Pupin, New York, N. Y-......-...-. 1925-26 
C. C. Chesney, Pittsfield, Mass........... 1926-27 
Bancroft Gherardi, New York, N. Y.......1927—28 
RF. Schuchardt, Chicago, Ill. .o: .....:.. 1928-29 
H. B. Smith, Worcester, Mass............ 1929-30 
Wars ees New swork; (Nin Mince iciear ane 1930-31 
C. E. Skinner, East Pittsburgh, Pa........ 1931-32 
H. P. Charlesworth, New York, N. Y......1932-33 
J. B. Whitehead, Baltimore, Md.......... 1933-34 


Board of Examiners. Organized in 1887 to study 
and recommend as to acceptability the qualifica- 
tions of applicants for membership or applicants for 
transfer to a higher grade of membership. 


W. B. Vansize, New York, N. Y.......... 1887--94 
G. A. Hamilton, New York, N. Y......... 1894-95 
GHE- Emery, News York; Ne Yinscrecens 1895-98 
William Maver, Jr., New York, N. Y...... 1898-07 
ie W. Buck, New: York, Nz VYi..0..00.+ ac 1907-10 


W. G. Carlton, New York, N. Y..........1910-12 
H. St. Clair Putnam, New York, N. Y....1912-13 


Maurice Coster, New York, N. Y......... 1913-15 
A. S. McAllister, New York, N. Y.........1915-18 
KL enodes,s New, work, Niw\scysiaas sien ¢ 1918-20 
C. H. Sharp, New York, N. Y............1920-21 
H. H. Norris, Upper Montclair, N. J...... 1921-25 
Erich Hausmann, Brooklyn, N. Y......... 1925-27 
E. H. Everit, New Haven, Conn........., 1927-30 
be WeDrake, New Vork, N. Y........... 1930-31 
H. Goodwin, Jr., Wyncotte, Pa........... 1931-34 
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CoG6rdination of Institute Activities, Committee on. 
Organized in 1920 to study and advise concerning 
matters affecting 2 or more committees or other 
subdivisions of the Institute’s organization. 


L. T. Robinson, Schenectady, N. Y........1920-21 
W. I. Slichter, New York, N. Y...........1921-24 
F. B. Jewett, New York, N. Y............1924-25 
Farley Osgood, New York, N. Y..........1925-27 


Gel Knight, Brooklysy Ne Veneer 1927-28 
H. A. Kidder, New York, N. Y...........1928-30 
H. P. Charlesworth, New York, N. Y......1930—-32 
E. B. Meyer, Newark, N. J...............1932-34 


Bibliography, Committee on. 
discontinued in 1908. 


Organized in 1906; 


W. D. Weaver, New York, N. Y.......... 1906—08 


Building Fund Committee. Organized in 1902 as 
the building committee; name changed in 1903 
to the building fund committee; discontinued in 


1908. 
CpWio Rice) Newevork, Nig Vencncnee are oOe—O5 
T. C. Martin, New York, N. Y...........1905—-08 


Columbia University Scholarships, Committee on. 
Organized in 1923. 


Francis Blossom, New York, N. Y........ 1923-25 
W. I.. Slichter, New York, No V..2...6.%.. 1925-34 


Conservation of Natural Resources, Committee on. 
Organized in 1905 as the committee on forest 
preservation; name changed in 1908 to the com- 
mittee on conservation of natural resources; dis- 
continued in 1911. 


F. A. C. Perrine, New York, N. Y......... 1905-07 
CH. Porter; Boston, Massie... sos ek 07-08 
H.-G; Stott, New, York, Ni. Ye. cccewiee daar 1908-10 
L. B. Stillwell, New York, N. Y........... 1910-11 


Constitution and By-Laws Committee. Organized 
in 1903 as the committee on by-laws; reorganized in 
1905 as the law committee; name changed in 1932 
to the committee on constitution and by-laws. 


RAW. Pope, Newsy ork, Ni) Xa cee ose 1903-04 
C. O. Mailloux, New York, N. Y.......... 1905-08 
H.'G: Stott, New Work, No Yoonce. este oe 1908-11 
Charles A. Terry, New York, N. Y........ 1911-14 
G. H. Stockbridge, New York, N. Y....... 1914-16 
Samuel Sheldon, Brooklyn, N. Y,.........1918-20 
H. H. Barnes, Jr:, New York, N. Y..5..... 1920-24 
L. F. Morehouse, New York, N. Y........1924-25 
W. I. Shehter; New York, N. YVi....5..5. 1925-27 
C. O. Bickelhaupt, Atlanta, Ga........:.. 1927-29 
L. ¥. Morehouse, New York, N. Y........1929-30 
E. B. Meyer, Newark, N. J............-..1930-31 
W.S. Gorsuch, New York, N. Y..........1931-34 
Constitutional Revision, Committee on. Organized 
in 1912; discontinued in 1916. 

W.S. Murray, New Haven, Conn.........1912-13 
Bancroft Gherardi, New York, N. Y.......1913-14 
Bancroft Gherardi, New York, N. Y.......1915-16 


Consulting Engineers, Committee on Relations of. 
Organized in 1910; discontinued in 1916. 


Frank J. Sprague, New York, N. Y....... 1910-11 
Francis Blossom, New York, N. Y........ 1911-12 
L. B. Stillwell, New York, N. Y........... 1912-16 


Economic Status of the Engineer, Committee on. 
Organized in 1931. 


C. O. Bickelhaupt, New York, N. Y....... 1931-34 
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Edison Medal Committee. Organized in 1905. 


J. W. Howell; Harrison, N. J... 2.2.5 - 4. 1905-0 
C. L.'Clarke; New York IN. Yan--5..- <--> 1908-1 
Elihu Thomson, Swampscott, Mass....... 1910-1 
S'S) Wheeler, Ampere; Ne Ji... stemisrests stow 1913-1 
A. E. Kennelly, Boston, Mass............- 1916-1 
Carl Hering, Philadelphia, Pa.............1917—2 
Cc. A. Adams, Cambridge, Mass........... 1920-2 
E. D. Adams, New York, N. Y........... 1922-2 
Gano Dunn, New York, Na Wiese... ee 1924-2 
Ma Te Papin, New “orkniN Yo. arate 1927-2 
Samuel Insull, Chicago, Til. 02. ee ce 1928-3 
D. C. Jackson, Cambridge, Mass.......... 1930-3 
C. E. Stephens, New York, N. Y........:- 1933-3 


Finance Committee. Organized in 1887 as th 
committee on permanent quarters; name subse 
quently changed to committee on finance, buildin 
and permanent quarters, 1889; and in 1896 t 
finance committee. 


G. M. Phelps, New York, N. Y...........1887-9 
F. B, Herzog; New York, Nu Vinee ie 1895-9 
W. B. Vansize, New York, N. Y.......... 1896-9 
JuJ. Carty, New York, No Weer 1901-0 
Calvert Townley, New Haven, Conn.,.... 1907-1 
A. W. Berresford, Milwaukee, Wis........ 1910-1 
C. W. Stone, Schenectady, N. Y.......... 1912-1 
J. F. Stevens, Philadelphia, Pa.........4.. 1913-1 
NAY Carle, Newark, Ni. Jerse eee 1917-2 
Charles Robbins, East Pittsburgh, Pa......1920-2 
L. F. Morehouse, New York, N. Y........ 1921-2 
GiL. Knight, Brooklyn) No.5. nce ete 1923-2 
H. A. Kidder, New York, N. Y........... 1926-2 
EB. Bo Meyer, Newark; IN. Jiv.<.c. 0.0 see 1928-3 
C. E. Stephens, New York, N. Yo. ...0... = 1930-3 
E. B 


; Meyer, Newathk, INveTin- asa <ilaceuerrcen 1933-3 


i.eadquarters Committee. Organized in 1917. 


NA. Carle, Newark, Nz Ji2.-. acne pees 1917-2 
W.tA. Del Mar Vionkers, Na Yo. amie oe 1920-2 
B.. B. Craft, New York, Nw Voone-e sme 1922-2 
Hi. A.) Kidder; New York, NG. Yancenee nee 1925-2 
G. L. Knight, Brooklyn, N. ¥............ 1926-2 
R. H. Tapscott, News York, N,V... oenaae 1928-3 


W.S. Gorsuch, New York, N. Y..........1983-3 


Historical Museum Committee. 
1910; discontinued in 1916. 


Organized i 


De C. Martin; News VorkuN. Viens oeucenee 1910-1 


Indexing Transactions Committee. 
1910; discontinued in 1914. 


Organized i 


G. I. Rhodes, Boston, Mass.............. 1910-1 


Institute Policy Committee. Organized in 191 
as the public policy committee; name changed i 
1933 to Institute policy. 


Ja JenGarty;, New siork, "NoYes 1911-1 
Calvert Townley, New York, N. Y........ 1912-1 
H. W. Buck, New York; N: Yous. «<a. 0. .19%Ga9 
Gano Dunn, New York) Ni Yi. Soon 1925-2 
H. W. Buck, New York, N. Y.t......-...1997=¢ 
D. C. Jackson, Boston, Mass........ 1928-3 


Bancroft Gherardi, New York, N. Y.......1930-8 
H. P. Charlesworth, New York, N. Y......1933-2 


International Electrotechnical Commission, U.i 
national committee of the. Organized in 190° 
discontinued as a general committee in 192 
functioning since under ‘Institute Represent: 


tives.”” 

Elihu Thomson, Lynn, Mass.............. 1907 
A. E. Kennelly, Cambridge, Mass......... 1909-1 
C. O. Mailloux, New York, N. Y.......... 1911-1 
F. B. Crocker, New York, N. Y...... Prt ey ee! 
Cc. O. Mailloux, New York, N. Y.......... 1914-3 


ELECTRICAL ENGINEERIN 


Iwadare Foundation Committee. 
1932. 


Organized in 
Ee. Byajewett, New, Vork, Ni *Y.0.....+ oes: 1932-34 


Lamme Medal Committee. Organized in 1928. 


C. F. Scott, New Haven, Conn........... 1928-31 
C. C. Chesney, Pittsfield, Mass........... 1931-32 
C. E. Skinner, Wilkinsburg, Pa........... 1932-34 


Legislation Affecting the Engineering Profession, 
Committee on. Organized in 1924 as licensing of 
engineers committee; name changed in 1929 to com- 
mittee on the engineering profession, and in 1931 
to the committee on legislation affecting the engi- 
neering profession. 


Francis Blossom, New York, N. Y........ 1924-29 
HH. A. Kidder, New York, N. Y.......... .1929-33 
W. I. Slichter, New York, N. Y...........1933-34 


Library Committee. Organized in 1889;  dis- 
continued in 1916. 

J. Stanford Brown, Yonkers, N. Y........ 1889-96 
W. D. Weaver, New York, N. Y......... .1901-06 
W. J. Jenks, New York, N. Y............ . 1906-07 


Edward Caldwell, New York, N. Y........ 1907-11 
Samuel Sheldon, Brooklyn, N. Y..........1909-16 


Membership Committee. Organized in 1889 
as the committee on membership, etc.; reorganized 
in 1902 as the membership committee; again in 
1906 as the committee on increase of membership; 
in 1909 became the membership committee. 


R. W. Pope, New York, N. Y........... 1889-99 
W.S. Barstow, New York, N. Y..........1902-04 
Peele Diomas, New Vork, N. Vs....4...- 1906—07 
D. B. Rushmore, Schenectady, N. Y.......1907-08 
C. W. Stone, Schenectady, N. Y.......... 1908-09 
A. W. Berresford, Milwaukee, Wis........ 1909-10 
Bancroft Gherardi, New York, N. Y......1910—11 
Cn. SOcribner, New York, N Y.......... 1911-12 
Hee. Snook, Philadelphia, Pa..:......:. 1912-13 
A. M. Schoen, Atlanta, Ga...............1913-14 
H. D. James, East Pittsburgh, Pa........ 1914-15 


W. A. Hall, West Lynn, Mass............ 1915-16 


Harold Goodwin, Jr., Philadelphia, Pa.....1916—-17 
ieee bratteNew York, Nie Vees.c-nes «ao LOL 
R. W. Krass, New York, N. Y............1919-20 
E. H. Martindale, Cleveland, Ohio........1920—-22 
R. B. Howland, New York, N. Y.......... 1922-23 
M. KE. Skinner, Pittsburgh, Pa............1923-24 
E. E. Dorting, New York, N. Y........... 1924-25 
ile Woodress, ot. Louis, Moo... ...5. 5. 1925-26 
Les. O’Roark, New York, N. Y...... “.... 1926-27 
E. B. Merriam, Schenectady, N. Y........1927—28 
Nero Kearns, Chicago) Ill oa). .....-. - . 1928-29 
J. Allen Johnson, Buffalo, N. Y...........1929-31 
Rem KIrkA Pittsburgh) Ras. ci. soci ce vss = 1931-33 
E. S. Lee, Schenectady, N. Y.............19383-34 
Membership Committee, Additional Grade of. 


Organized in 1908 as the intermediate grade of 
membership conimittee; name changed in 1911 to 
the additional grade of membership committee; 
discontinued in 1912. 


(uF. Scott, Pittsburgh, Pa...............1908-10 
Cc. W. Stone, Schenectady, N. Y.......... 1910-11 
P. H. Thomas, New York, N. Y.......... 1911-12 


New York Museum of Science and Industry, Ad- 
visory Committee to. Organized in 1927 as the 
advisory committee to the museums of the peaceful 
arts; changed in 1930 to the advisory committee 
to New York Museum of Science and Industry. 


J. P. Jackson, New York, N. Y.. 1927-34 


May 1934 


New York Reception Committee. Organized 
1900 as a subcommittee of papers and meetings; 
name changed in 1901 to the reception committee 
and in 1904 to the New York reception committee; 
inactive for several years; discontinued in 1915. 


a CaMartiu, New York, N.V- ea aoe 1900-03 
Grew Rice; New, Work, Ni V...cc0 o.. o, 1903-04 
A. H. Lawton, New York, N. Y........... 1912-14 
Ha Cs Bates New, York, Nis Ve. .cnsaes sau. 1914-15 
Patent Committee. Organized in 1912;  dis- 
continued in 1917. 

BypeAtnold, Chicago miller 74 nen 1912-13 
R. D. Mershon, New York, N. V.......... 1913-17 


Popular Science Award Committee. Organized in 


1930. 

A. E. Knowlton, New York, N. Y......... 1930-31 
F. W. Peek, Jr., Pittsfield, Mass..........1931-33 
Harold Pender, Philadelphia, Pa.......... 1933-34 


Prizes, Committee on Award of Institute. Or- 
ganized in 1923. 


L. W. W. Morrow, New York, N. Y...... . 1923-25 
KE: B. Meyer, Newark, N:J..5:.0...-.. 1925-27 
H. P. Charlesworth, New York, N. Y..... 1927-29 


A. E. Knowlton, New York, N. Y......... 1929-31 
W. H. Harrison, New York, N. Y.... 1931-33 
R. N. Conwell, Newark, N. J.... 1933-34 


Professional Conduct Committee, Code of Prin- 
ciples of. Organized in 1906 as the code of ethics 
committee; mame changed to code of principles 
of professional conduct committee, 1912. 


S. S. Wheeler, Ampere, N. J..............1906-08 
G. F. Sever, New York, N. Y.. 1911-12 
B. A. Behrend, Boston, Mass............ 1912-13 
G. F. Sever, New York, N. Y.... . .1913-21 
C. A. Adams, Cambridge, Mass......... .1921-22 
S. S. Wheeler, Ampere, N. J... . 1922-23 
J. W. Lieb, New York, N. Y.... .....1923-28 
H. B. Smith, Worcester, Mass............ 1928-29 
F. B. Jewett, New York, N. Y............1929-31 
RF Schuchardt, Chicago; Ill... 222s eos: 1931-33 
Cy BE. Stephens, New York, N: Y.....-:... 1933-34 


Publication Committee. Organized in 1888 as the 
editing committee; operated as a subcommittee 
of the meetings and papers committee, 1893-1901; 


reorganized as editing committee, 1901; name 
changed to publication committee, 1919. 

G. A. Hamilton, Elizabeth, N. J........ 1888-96 
Gano Dunn, Ampere, N. J...........-. 1901-03 
C. T. Hutchinson, New York, N. Y... . 1903-05 
R. W. Pope, New York, N. Y...... 1905-06 
T. J. Johnston, New York, N. Y..... 1906-07 
G. F. Sever, New York, N. Y....... . 1907-10 
A. F. Ganz, Hoboken, N. J..... 1910-11 
W. I. Slichter, New York, N. Y....... 1911-12 
L. T. Robinson, Schenectady, N. Y.... 1912-14 
H. H. Norris, New York, N. Y.... 1914-16 
W. I. Slichter, New York, N. Y.... 1916-18 
H: H. Norris; New York, No W..2. 65025: 1918-19 
W. I. Slichter, New York, N. Y.. 1919-20 
N. A. Carle, Newark, N. J....... : 1920-21 
A. S. McAllister, New York, N. Y.... 1921-22 
Donald McNicol, New York, N. Y.... 1922-25 
L. F. Morehouse, New York, N. Y... 1925-27 
E. B, Meyer,.Newark, N. J......- 25. 1927-28 
W. S. Gorsuch, New York, N. Y.... 1928-31 
E. B. Meyer, Newark, N. J... 1931-34 
Research, Committee on Codperative. Organized 
in 1898; discontinued in 1901. 

A. E. Kennelly, Philadelphia, Pa.......... 1898-01 
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Safety Codes Committee. Organized in 1902 as the 
National Electric Code committee; name changed 
in 1907 to the code committee; and to the safety 
codes committee, 1918. 


A. E. Kennelly, Cambridge, Mass......... 1902-05 
F. B. Crocker, New York, N. Y........... 1905-06 
F. A. C. Perrine, New York, N. Y......... 1906-08 
C. W. Stone, Schenectady, N. Y.......... 1908-10 
FRarley Osgood, Newark, N. Jin.... ees => 1910-11 
GoFY Sever, New, York, Ns Voc... see eee 1911-12 
Farley Osgood, Newark, N. J............. 1912-21 
HB Gear, (Chicago; Elis, .siresin eerie 1921-24 
Paul Spencer, Philadelphia, Pa............ 1924-26 
JOP. Jackson, New York, N. Vo. -5,or-uee 1926-28 
F. V. Magalhaes, Philadelphia, Pa......... 1928-29 
A. W. Berresford, New York, N. Y........- 1929-31 
jC. Korsyth, New VorkuNn Yosneee omens 1931-32 
F. V. Magathaes, Hopewell, N. J.......... 1932-33 
F. V. Magalhaes, West Lynn, Mass....... 1933-34 


Sections Committee. Organized in 1902 as the 
local organizations committee; name changed to 
Sections committee, 1907. 


CeWe Rice; New, York; N. Yesncwene ee 1902-03 
Cy ES Scott, bittsbureh) Passe cece 1903-04 
C. F. Scott, Pittsburgh, Pa....March-Sept. 1906 
Paul Spencer, Philadelphia, Pa....... .....1906-09 
PM: Lincoln; Pittsburgh, Pa... scien 1909-14 
H. A. Horner, Philadelphia, Pa............ 1914-16 
W. A. Hall, West Lynn, Mass............ 1916-20 
J. B. Fisken, Spokane, Wash............. 1920-21 
A. W. Berresford, Milwaukee, Wis........ 1921-24 
H. B. Smith, Worcester, Mass............ 1924-27 
W. B. Kouweuhoven, Baltimore, Md...... 1927-30 
E. S. Lee, Schenectady, N. Y..........0.. 1930-33 
I. Melville Stein, Philadelphia, Pa......... 1933-34 


Standards Committee. Organized in 1898 as the 
standardization committee; mame changed to 
standards committee, 1907. 


eB: .GCrockers New: York; iN. Yous eee 1898-02 
Hey; Ryan) Tthaca, Nene eee 1902-04 
C. F. Scott, Pittsburgh, Pa.....April—Oct. 1905 
m. Bs Crocker; New, York, Ni. Yun. coasts 1905-07 
Samuel Sheldon, Brooklyn, N. Y..........1907-09 
A. E. Kennelly, Cambridge, Mass.........1909-10 
C. A. Adams, Cambridge, Mass...........1910-11 
A. E. Kennelly, Cambridge, Mass.........1911-15 
C. A. Adams, Cambridge, Mass...........1915-18 
L. T. Robinson, Schenectady, N. Y.......1918-20 
DC: Jackson» Boston; Mass;.42 27) 25. 1920-21 
Harold Pender, Philadelphia, Pa.......... 1921-23 
H. S. Osborne, New York, N. Y.......... 1923-26 
J. F. Meyer, Washington, D. C...........1926-28 
F. D. Newbury, East Pittsburgh, Pa...... 1928-31 


A. M. MacCutcheon, Cleveland, Ohio..... 1931-34 


Student Branches Committee. Organized in 
1916 as a special committee; in 1917 as a subcom- 
mittee of the Sections committee; in 1919 became 
an independent committee. 


C. W. Green, Boston, Mass...............1916-17 
P. H. Daggett, Chapel Hill, N. C......... 1917-18 
C. F.. Harding, Lafayette, Ind............ 1918-23 
C. E. Magnusson, Seattle, Wash.......... 1923-27 
J. L. Beaver, Bethlehem, Pa..............1927—29 
W.H. Timbie, Cambridge, Mass..... 1929-33 
L. A. Doggett, State College, Pa...... . 1933-34 


Transfers Committee. Organized in 1932. 


1932-33 
..-+.- 1933-34 


E. B. Meyer, Newark, N. J......... 
J. Allen Johnson, Buffalo, N. Y..... 


Technical Activities Committee. 
1925; discontinued in 1927. 


Organized in 
1925-27 


A. G. Pierce, Cleveland, Ohio. . 
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Technical Committees, special committee on or- 
ganization of. Organized in 1912; discontinued in 


1914. 
H. G. Stott, New York, N. Y.............1912-13 
W. S. Rugg, New Vork, N. Y...........:.1913-14 


Technical Program Committee. Organized in 
1889 as the committee on papers and meetings; 
became a subcommittee of the committee on papers, 
meetings, and editing, 1893; name changed in 
1895 to committee on papers and meetings; in 
1901 to committee on papers; in 1907 to committee 
on meetings and papers; in 1932 to technical pro- 
gram committee. 


tC. Martin. New work, NiYoo0. 2.32 2. 1889-95 
Hebe Crocker, New Mork, N, You... 2ose™ 1895-96 
Helen webb, New Work, Ni Yenc. 0 nas 1896-00 
W.S. Barstow, New York, N. Y.......... 1900-01 
OuWikuce, NewmWorks Nin. crn peaienaie as 1901-02 
Samuel Sheldon, Brooklyn, N. Y..........1902-06 
H. G. Stott, New York, N. Y............. 1906-07 


P. H. Thomas, New York, N. Y.........- 1907-08 


A. H. Armstrong, Schenectady, N. Y...... 1908-09 
H. St. Clair Putnam, New York, N. Y.....1909-10 
G. F. Sever, New York, N. Y.. ..1910-11 
H. W. Buck, New York, N. Y.. . 1911-12 
W.S. Rugg, New York, N. Y.. ..1912-14 
LL. T. Robinson, Schenectady, N. Y. ..1914-18 
W. 1. Slichter, New York, N. Y.. .1918-21 
E. E. F. Creighton, Schenectady, N. Y;...1921—23 
L. W. W. Morrow, New Vork, N. Y....... 1923-25 
E. B. Meyer, Newark, N. J.. os . 1925-27 
H. P. Charlesworth, New York, N. Y. . 1927-29 
A. E. Knowlton, New York, N. Y........ 1929-31 
W. H. Harrison, New York, N. Y.........1931-33 
R. N. Conwell, Newark, N. J.............1933-34 
Units and Standards, Committee on. Organized 


in 1890; discontinued in 1901. 

A. E. Kennelly, Philadelphia, Pa., and Cam- 
Lid Se mIMIASGAesice sare “herone cones ininere ae celas 1890-01 

Water Power, Committee on Development of. 


Organized in 1915; discontinued in 1917. 


Calvert Townley, New York, N. Y........1915—-16 
J. H. Finney, Washington, D. C.......... 1916-17 


Technical Committees 


Automatic Stations Committee. Organized in 
1927. 

Chester Lichtenberg, Philadelphia, Pa... ..1927—28 
W. #H. Millan, St. Louis, Mo.. 5 . 1928-29 
Ferdinand Zogbaum, New York, N. Y.....1929-31 
DemWenbaylor Newark, Nia Ji cciis oiclsesiei<isie 1931-34 
Communication Committee. Organized in 1903 


as the committee on telegraphy and telephony; 
name changed in 1924 to committee on communica- 
tion. 


A. E. Kennelly, Cambridge, Mass.........1903-—04 
Kei viiier, Ciicagoy Us a5 ieea-eace no 908 1906—07 
William Maver, Jr., New York, N. Y...... 1909-10 
Samuel Reber, New York, N. Y........... 1910-11 
Bancroft Gherardi, New York, N. Y.......1911-12 
S. G. McMeen, Columbus, Ohio..........1912-13 
F. F. Fowle, New York, N. Y............ 1913-14 
C. E. Scribner, New York, N. Y..........1914-15 
Ga Mepvorke, New, ork) Nia Nee e ce ceo ec- 1915-16 
F. L. Rhodes, New York, N. Y...........1916-17 
L. F. Morehouse, New York, N. Y........1917-18 
Donald McNicol, New York, N. Y........1918-22 
O. B. Blackwell, New York, N. Y.........1922-25 
H. P. Charlesworth, New York, N. Y......1925-27 
H. W. Drake, New York, N. Y........... 1927-29 
G. A. Kositzky, Cleveland, Ohio.......... 1929-31 
FS. Osborne, New, York, N. Y....-...-. 1931-34 
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Education Committee. Organized in 1907 as a 
subcommittee of the meetings and papers com- 
mittee; became an independent committee in 
1909. 


H. H. Norris, Ithaca, N. Y...............1907—-09 
DiiCrjacksonwBoston, Mass... reese 1909-10 


AG Sa angsdotk, Ot. Louis; Monee sre 1910-11 
J. P. Jackson, State College, Pa...........1911-12 
H. H. Norris, Ithaca, N. Y...............1912-14 


Viadimir Karapetoff, Ithaca, N. Y......... 1914-16 


W. I. Slichter, New York, N. Y...........1916-17 
E. J. Berg, Schenectady, N. Y........ .1917-18 
Viadimir Karapetoff, Ithaca, N. Y..... .1918-19 
J. C. Parker, Ann Arbor, Mich............1919-20 
C. E. Magnusson, Seattle, Wash......... .1920-22 
W. E. Wickenden, New York, N. Y.......1922-24 
Harold Pender, Philadelphia, Pa..........1924-26 
P. M. Lincoln, Ithaca, N. Y......:-.....-.1926-28 
Edward Bennett, Madison, Wis...........1928-30 
WR Work, Pittsburgh, Passes. ooURon 


R. E. Doherty, New Haven, Conn........ 1931-33 
L. A. Doggett, State College, Pa..........1933-34 


Electric Welding Committee. Organized in 1927. 


Jc Cy Lincoln) Cleveland; Ohio... oe. os: 1927-28 
A. M. Candy, East Pittsburgh, Pa........ 1928-30 
P. P. Alexander, West Lynn, Mass........1930—32 
K. L. Hansen, Milwaukee, Wis........... 1932-34 


Electrical Machinery Committee. Organized in 


1917. 

AS MS Gray, TthacacNe Vance. eee Oe LO 
B. A. Behrend, Boston, Mass.............1919-23 
H. M. Hobart, Schenectady, N. Y......... 1923-27 
F. D. Newbury, East Pittsburgh, Pa...... 1927-28 
W. J. Foster, Schenectady, N. Y..........1928-29 
Pp. L. Alger, Schenectady, N. Y...........%: 1929-32 
S. L. Henderson, East Pittsburgh, Pa..... .1932-34 


Instruments and Measurements Committee. Or- 
ganized in 1917. 


S. G. Rhodes, New York, N. Y...........1917-20 
F. V. Magalhaes, New York, N. Y........1920—-22 
G. A. Sawin, East Pittsburgh, Pa......... 1922-24 


A. E. Knowlton, New Haven, Conn.......1924—27 
E. S. Lee, Schenectady, N. Y.............1927-30 
BE, J. Rutan, New York, N. Y........- . . 1930-33 
W. B. Kouwenhoven, Baltimore, Md......1933-34 


Electrochemistry and Electrometallurgy Commit- 
tee. Organized in 1910 as the electrochemical 
committee; name changed in 1916 to committee 
on electrochemistry and electrometallurgy. 


IP) Pa Barton, Niagara Palis, (Ne Meee 1910-11 
AYES Ganz Hoboken wine Jicceseus ne cee Lo hl—16 
T. H. Schoepf, East Pittsburgh, Pa........ 1916-17 
F. A. J. FitzGerald, Niagara Falls, N. Y...1917-18 
Carl Hering, Philadelphia, Pa.............1918-19 
F. A. j. FitzGerald, Niagara Falls, N. Y.. .1919-21 
Lawrence Addicks, New York, N. Y....... 1921-22 
J. L. Yardley, East Pittsburgh, Pa........ 1922-24 
G. W. Vinal, Washington, D. C...........1924-29 
P. H. Brace, East Pittsburgh; Pa.......... 1929-32 
WG. Kalb; Cleveland Onion, cee vielen 1932-34 


Electrophysics Committee. Organized in 1911. 


E. B. Rosa, Washington, D. C............1911-12 
J. B. Whitehead, Baltimore, Md.......... 1912-16 


F. W. Peek, Jr., Pittsfield, Mass..........1916—-17 
Frederick Bedell, Ithaca, N. Y............1917-18 
B. W:; Peek: Je, Pittsheld) Massia... ss 34 1918-24 
J. H. Morecroft, New York, N. Y.........1924-26 
Viadimir Karapetoff, Ithaca, N. Y........ 1926-29 
O. E, Buckley, New York, N. Y.......... 1929-31 
Vannevar Bush, Cambridge, Mass......... 1931-33 
Joseph Slepian, East Pittsburgh, Pa....... 1933-34 
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Iron and Steel Production, Committee on Applica- 
tions to. Organized in 1914 as the committee on 
iron and steel industry; name changed in 1924 to 
the committee on (electrical) applications to iron 
and steel production. 


Cy iReed Steelton, Pal, enti toe ee Lae 
aT Ej fynes, Buttalo, No Vena ee Lo Lomo: 
Wilfred Sykes, East Liberty, Pa........... 1916-17 
F. D. Egan, Midland, Pa.. Way eager OL TALS! 
Eugene Friedlaender, Beeidiee Pana lane 1918-19 
W. F. James, Philadelphia, Pa............1919-21 
E. S. Jefferies, Hamilton, Ont., Can....... 1921-23 
F. B. Crosby, Worcester, Mass............1923-26 
A. G. Pierce, Cleveland, Ohio............ 1926-28 
IM. M.. Fowler; Chicago, Ul icc cin eae 1928-30 
A. C. Cummins, Duquesne, Pa............1930—-32 
F. O. Schnure, Sparrows Point, Md....... 1932-34 


Light, Committee on Production and Application of. 
Organized in 1909 as the electric lightning com- 
mittee; name subsequently was changed to elec- 
trical illumination committee (1913), electric 
lighting committee (1914), lighting and illumina- 
tion committee (1916), and in 1924 to committee on 
production and application of light. 


Wi. Robb; Eroy. Nn eames eee 1909-10 
Peter Junkersfeld, Chicago, Ill............1910-12 
W. C. L. Eglin, Philadelphia, Pa..........1912-13 
C. H. Sharp, New York, N. Y...;..... ...1913=16 
BE. P. Hyde, Cleveland, ‘Ohito.....5...4..;.-.5 1916-18 
C. E. Clewell, Philadelphia, Pa........... 1918-21 
Gi H. Stickney, Harrison, Ni Ji....0.- 46+ 1921-25. 
PlS=Millar; New Work, No Va, eee 1925-28 
B. E. Schackelford, Bloomfield, N. J...... 1928-29 
G. S. Merrill, Cleveland, Ohio............1929-31 
W. T. Blackwell, Newark, N. J.. .. .1931-33 
J. We Barker sNew) \ Obi Nc (nie 1933-34 


Marine Work, Committee on Applications to- 
Organized in 1913 as the committee on use of elec- 
tricity in marine work; name subsequently changed 
to marine committee (1916), and then to committee 
on applications to marine work (1924). 


C. S. McDowell, New York, N. Y.........1913-16 
H. A. Hornor, Philadelphia, Pa........... 1916-19 
Arthur Parker, Camden, N. J.............1919-92 
GA. Pierce, Philadelphia, Pa... . sce 1922-24 
L. C. Brooks, Wollaston, Mass,...........1924-26 
G. A. Pierce, Philadelphia, Pa............ 1926-27 
WET heu, News Y osks Ne Youre 1927-30 
R. A. Beekman, Schenectady, N. Y....... 1930-33. 
H. C. Coleman, East Pittsburgh, Pa....... 1933-34 


Mining Work, Applications to. Organized in 1912 
as the committee on the use of electricity in mines; 
name subsequently changed to committee on 
mines (1919), and later (1924) to committee on 
applications to mining work. 


G. R. Wood, Philadelphia, Pa...... ..1912-13 
Wilfred Sykes, East Liberty, Pa..... .1913-16 
H..H-Clark, Pittsburgh, Pa.,..2... os es lOlG=ta 
K. A. Pauly, Schenectady, N. Y..........1917-19 


W. A. Chandler, Scottsdale, Pa........... 1919-20: 


Graham Bright, East Pittsburgh, Pa......1920-22. 
F. L. Stone, Schenectady, N. Y...........1923-26, 
W. H. Lesser, Frackville, Pa.. . .1926-28 
Carl Lee, Chicago, Il., : ..... 1928-31 
D. E. Renshaw, East Pitisbuceh” Pare ..1931-33 
E. B. Wagner, Wilkes-Barre, Pa.......... 1933-34 
Power Applications, Committee on General. 


Organized in 1908 as the committee on industrial. 
power; name subsequently changed to indus- 
trial power committee (1909), committee on in- 
dustrial and domestic power (1916), committee on 
general power applications (1924). 


D. B. Rushmore, Schenectady, N. Y....... 1908-10) 
Ned: Walcox, lowell; Mlassni sien cen 1910-11 
W. H. Powell, Milwaukee, Wis............ 1911-12: 
J. M. Hipple, East Pittsburgh, Pa......... 1912-13, 


Rudolph Tschentscher, South Chicago, Ill. . 1913-14 


ELECTRICAL ENGINEERING 


D. B. Rushmore, Schenectady, N. Y.......1914-16 
E. H. Martindale, Cleveland, Ohio........ 1916-18 
A..G. Pierce, Pittsburgh, Pa............;. 1918-21 
Wi Cy Yates; Schenectady, N. Ye..0-0.. 4. .1921-22 
H. D. James, East Pittsburgh, Pa......... 1922-24 
ASE. Waller, Bronxville, Nv vs....00. 0-1. 1924-25 
A. M. MacCutcheon, Cleveland,Ohio..... 1925-28 
J. F. Gaskill, Philadelphia, Pa............ 1928-30 
C. W. Drake, East Pittsburgh, Pa........- 1931-33 
M. R. Woodward, Chicago, IIl.. . 1933-34 


Protective Devices Committee. Organized in 
1913 as a subcommittee of the electric power 
committee; subsequently became the protective 
apparatus committee (1914), and then protective 
devices committee (1916). 


C. P. Steinmetz, Schenectady, N. Y.......1913-14 
E, E. F. Creighton, Schenectady, N. Y....1914-16 
Da Wreiropera Chicago; Dll. gece oes as 1916-21 
H. R. Woodrow, Brooklyn, N. Y.......... 1921-25 
Be Cystone, Pittsburgh, Pa... 6.c.ceta se « 1925-26 
F. L. Hunt, Greenfield, Mass... ...... 1926-28 
Woe rester, Pittsbireh, Pag occ... 1928-30 
Raymond Bailey, Philadelphia, Pa........ 1930-32 
Rea welenry,, Buttato, Na Yeo... een. 1 LOS2-34 


Power Generation Committee. Organized in 1910 
as the power station committee; subsequently 
changed to prime movers committee (1913), 
power station committee (1914), and then to power 
generation committee (1924). 


Heron Putnam New, work, NeW... ccimcse > 1910-11 
S. D. Sprong, New York, N. Y........... 1911-12 
eG Stott, New VorksNi. Vanniceiere ae: 1912-15 
A. S. Loizeaux, Baltimore, Md............1915-16 
Jer bevwRemer, New, Vork,tNe Yeu-oe «cl. 1916-17 
Philip Torchio, New York, N. Y..........1917-20 
H. P. Liversidge, Philadelphia, Pa......... 1920-21 
Nicholas Stahl, Providence, R.I.......... 1922-24 
Vii EB. Alden; Baltimore, Md.........5...... 1924-26 
W.S. Gorsuch, New York, N. Y.......... 1926-28 
POA. Allner, Baltimore, Md.......:...... 1928-31 
yaeRa baker, Baltimore, Md-- 225... 08 1931-33 


H. W. Leitch, New York, N. Y...........1933-34 


Power Transmission and Distribution Committee. 
Organized in 1902 as a subcommittee of the meet- 
ings and papers committee; became the high 
tension transmission committee (1909), a sub- 
committee of the electric power committee (1913); 
in 1914 again became independent as the trans- 
mission committee; in 1916 became transmission 
and distribution committee; in 1924 became com- 
mittee on power transmission and distribution. 


R. D. Mershon, New York, N. Y......... 1902-04 
Rep Mershon; New York, IN. Yo....00.. 1906-10 
PH. DPhomas, New Work, Ni Y........5: 1910-11 
D. B. Rushmore, Schenectady, N. Y.......1911-12 
P. H. Thomas, New York, N. Y........5. 1912-13 
P. W. Sothman, New York, N. Y......... 1913-14 
PH. Thomas, New York, N. Y.......... 1914-16 
Peabelimiay. Niagara alls: No Yiu... snyaet 1916-18 
E. B. Meyer, Newark, N. J.......... . 1918-23 
E.G. Baum, San Francisco, Calif......... 1923-24 
P. H. Thomas, New York, N. Y.......... 1924-26 
Philip Torchio, New York, N. Y.......... 1926-28 
H. R. Woodrow, Brooklyn, N. Y.......... 1928-30 
P. H. Chase, Philadelphia, Pa............. 1930-33 
D. M. Simmons, New York, N. Y......... 1933-34 


Research Committee. Organized in 1921 as a 
general standing committee; became one of the 
group of technical committees in 1923. 


F. B. Jewett, New York, N. Y..<.........1921-22 
J. B. Whitehead, Baltimore, Md.......... 1922-27 
F. W. Peek, Jr., Pittsfield, Mass.......... 1927-29 
S. M. Kintner, East Pittsburgh, Pa........1929-30 
L. W. Chubb, East Pittsburgh, Pa........ 1930-32 
C. W. Rice, Schenectady, N. Y........... 1932-33 
F. M. Farmer, New York, N. Y...........1933-34 


May 1934 


Transportation Committee. 


papers committee; 
mittee on railways in 1909; 
portation committee in 1916; 
transportation, 1924. 


A. H. Armstrong, Schenectady, N. Y.... 


B. J. Arnold, Chicago, III 


F. J. Sprague, New York, N. V 
D. C. Jackson, Boston, Mass 


N. W. Storer, East Pittsburgh, Pa....... 


C. F. Uebelacker, New York, N. Y 
W.S. Murray, New York, N. Y 
C. S. Ruffner, New York, N. Y 


H. M. Brinckerhoff, New York, N. Y..... 


Organized in 1907 as 
the railway subcommittee of the meetings and 


became an independent com- 
traction and trans- 
and committee on 


William McClellan, New York, N. Y.... 


N. W. Storer, East Pittsburgh, Pa......... 1923-24 
J. V. B. Duer, Altoona, Pa.....:.... +... 1926-28 
W. M. Vandersluis, Chicago, Ill........... 1928-29 


Sidney Withington, New Haven, Conn.,.,1929-31 
E. L. Moreland, Boston, Mass............ 1931-34 
- - 1907-08 Economics of Electric Service, Committee on. 
...1908-09 Organized in 1913 as the committee on records and 
..1909-10 appraisals of properties, this committee changed 
1910-14 its name in 1916 to committee on economics of 
ws electric service; was discontinued in 1921. 
...1914-16 
..1916-18 WerBy, Jackson, (Chicagor Illeana nicer ere 1913-15 
...1918-19 Philander Betts, Newark, N. J............ 1915-17 
. ..1919-20 W. B. Jackson, Chicago, Ill...............1917-19 
... 1920-21 C.S; Ruffner; New Work, N: Y.....25000 5 1919-20 
. 1921-22 Philip Torchio, New York, N. Y.......... 1920-21 


Chairmen of the Institute’s Sections 


LIST of the 61 Sections 
of the Institute, together 
with the date of authorization 


BOSTON 
Authorized February 13, 1903 


of the Section, and the names  Fieming...... 1904-05 
and terms of service of all chair-  C. A. Adams......... 1905-06 
men of these Sections are given H. E. Clifford........ 1906-07 
fs lany Wimp Putters. er 1907-08 
i ; A. E. Kennelly....... 1908-09 
DiC. Jaeksou sc. 4. 1909-10 
AKRON J.-E Vaughan yc. 72. 1910-11 
Wm. L. Hooper...... 1911-12 
Authorized August 12, 1920 196 125 WANES Gs Goce 1912-13 
JAN. Neall ae 1913-14 
Hee Stephens. ..ce.: 1920-22 G. W. Palmer, Jr.....1914-15 
©, CeHenton). 4-0... 1922-23 TL Bidens eee 1915-16 
pS Gn scan 1923-24 G. A. Burnham...... 1916-17 
ToD, Walther. -..% 1924-25. ay ME Hope, 1917-18 
R. Higgins’ .........1925—26 I. M. Cushing........ 1918-19 
A. R. Holden........ 1926-27 I. Ex Moultrop..... 4, 1919-20 
eo Le ch mond 5 tc 1927-28  w. I. Middleton...... 1920-21 
eS ERT AS sierra 1928-29 1.. W. Abbott........ 1921-22 
W. A. Hillebrand.....1929-30 §& 1. Moreland...._ 1929-23 
H. C. Paiste......... 1930-31 4. Macomber........ 1923-24 
SUS Es ies 1931-32 FS. Dellenbaugh. .. .1924-25 
A. P. Regalo < 0.0 + 1932-33. W. Kidder......... 1925-26 
P.C. Smith.......... 1933-34 Hartley Rowe........ 1926-27 
E. W. Davis.........1927-28 
H. B. Dwight........1928-29 
ATLANTA Wa Colburn escent: 1929-30 
JPR EObrock: 5.4... 1930-31 
Authorized January 14, 1904 Cees Comey oe emer 1931-32 
F. D. Hallock........1932-33 
A. M. Schoen........ 1904-07 W.H. Timbie........ 1933-34 
J. H. Finney.........1907—08 
WER: Collterioe cis: 1908-09 
Ey WOOG sey ones 1909-11 
AWN Schoetine: ccc 1911-20 
EEC Ie Willseeeeerverar 1920-21 
je Rovellett serene 1921-22 
Gu KS Selden. cess... 1922-23 
©. LC eEmerson. saa. s: 1923-24 
WR Colltet ti. anas 1924-25 
W. E. Gathright...... 1925-26 CHICAGO 
@) BE Bennetto2-2.-. 1926-27 Authorized 1893 
(Por and grafic. 1927-28 
RT WaAlISeh wee cle soot (Ppa ie Vasa Aipmoccucn otis ane a5 1893 
Hz Uhl eee 1930-31 G.A.Damon........ 1902-04 
A. G. Stanford.......1931-32 IGM Miller ernie iets 1904-06 
OnOs Raeanan cen: 1932-33 de este MSs Boa aloe 1906-08 
D. H. Woodward..... 1933-34 Wake Abbott..c. > 1908-10 
Tih (Oy WARY, Sips ounce: 1910-12 
R. H. Rice. ..- 1912-13 
DW Roper ainedas 1913-14 
BALTIMORE E. W. Allen .. 1914-15 
5 
Authorized December 16,1904 1. Sfiitom. |). 1916-17 
J. B. Whitehead...... 1904-21 Wm. J. Crumpton....1917—18 
DeBurcnetteone-ere 1921-22 (Cav SOTERA A ome plex 1918-19 
W. B. Kouwenhoven. 1922-31 AG Be RIS eS poses se ALO ZO 
K. A. Hawley........1931-32 Wed Bibbins........ 1920-21 
Np Wellsi ote aves. sta setans 1932-33 Me Min Kowlet oe a.e 1921-22 
Te GyOmithy oe vs cists = 1933-34 F. E. Goodnow....... 1922 
ME CALS AG erste tnashs 1923-24 
G. H. Jones 1924-25 
ALIPUCCR an etic ein ole es 925-2 
ce Oe 
27-2 
huthorzed May 2, 1929 BB: Wandeoc..-- 1027-28 
W. E. Bare..........1929-30 TT. G. LeClair........1929-30 
oer ie ee 1930-31 F.H.Lane...........1930-31 
1931-32 FF. R. Innes sae. 1981-82 
AOR Mes BO no ROI IE rote 1932-33 L. R. Mapes.........1932-33 
W. W. Ballew........ 1933-34 E.C. Williams.......1933-34 
50th ANNIVERSARY NUMBER 


CINCINNATI 
Authorized June 30, 1920 
VAD SWsyomennesecar 1920-22°' 
AS ME SWalson=araenien 1922-24 | 
OwShepatdy.. ene 1924-25. 
H, C. Blackwell......: 1925-26 
WeP-Beattiesn. cme 1926-27 : 
R. C. Fryer. . 1927-29 : 
TG. Reedy sah heme 1929-31 
EY Ss Rieldsvacennr 1931-32 
Ey Onbotiniann. 1932-33 
L. C Nowland....... 1933-34 
CLEVELAND 
Authorized September 27, 
1907 
EB Dates ietacteranle 1907-08 
CW, Rickert ccc. a: 1908-09 
Tai es WWEWENIE G5 a.5 co6 1909-10 
AL Mi CAM Ons acciste ae sicte 1910-11 
B. Stowenn..o sss 1911-12 
E. J. Edwards... 25. 1912-13 
JECwEincolnnns seer 1913-14 
BS Dingle voaces sm eee 1914-15 
E. H. Martindale .1915-16 
E; W. P. Smith....... 1916-17 
C. N. Rakestraw..... 1917-18 
Ges Ripleyiceniee 1918-19 
B. W. Davidiic csi. est 1919-20 
A. M. MacCutcheon. . 1920-21 
I. Ae Vani Horns. 1921-22 
LD: Bale. ie-tinaa ete 1922-23 
G. B. Schneeberger. . . 1923-24 
CSP: Cooper: Siscsean 1924-25 
CEES DOWS. cas cistete wis 1925-26 
HSE Grantan cen caus 1926-27 
AS MG Lloydavee Werte 1927-28 
E. W. Henderson..... 1928-29 
T. D. Owens,........1929-30 
EeWenbratnd.jeier 1930-31 
G. A. Kositzky....... 1931-32 
ee MienSmtthiaytcntere sar. 1932-33 
R» Cy Putnan...sesee 1933-34 
COLUMBUS 
Authorized March 17, 1922 

. C. Caldwell....... 1922-23 
= Mo Pite.c. ces oe 1923-24 
Bi REP PCG inysisrcsetetee 1924-25 
R. J. B. Feather......1925-—26 
A. W. Janowitz...... 1926-27 
B.C: Nesbitt..d08 05.5 1927-28 
W. E. Metzger.......1928-29 
R. A. Brown.........1929-30 
CoD. Prite,..2 cena xs Aveo. 
W. L. Everitt.... . 1931-32 
Wits os A tahoe rae ae . 1932-33 
A. G. Gibbony.......1933-34 


CONNECTICUT 
Authorized April 16, 1921 
Ca Scotto nance cn. 1921-22 
OSE UVetitae cess 1922-24 
Wm. A. Moore....... 1924-25 
erat Packard a....ccs 1925-26 
A. E. Knowlton...... 1926-28 
Br J. Amberg. ss occ0 1928-29 
S. Withington........ 1929-30 
S. Ferguson..........1930-31 
R. G. Warner........1931-32 
Cae Dallyincwc ceca: 1932-33 
Get, Hurhes. es... 1933-34 
DALLAS 
Authorized May 18, 1928 
Gere Mall Sececesscre = 1928-29 
Jee Bet homas vc. ao 1929-30 
Ee Blaisdelli..--. 1930-31 
Ge Ae DVOr arenes oes 1931-32 
Ho Ke Handley- 1932-33 
DeHalevy scien oooT oF 
DENVER 
Authorized May 18, 1915 
We AviGarter oc.cuh. 1915-16 
He S2 Sands, is... 1916-17 
Norman Read........ 1917-18 
RejeRankinwcvcscds:- 1918-19 
BUS eV anise irae tai. 1919-20 
DPC. MeCluresn,...- - 1920-21 
B. C. J. Wheatlake. . . 1921-22 
Peewee Barnes ease se 1922-23 
H. B. Dwight . .1923-24 
W. C. DuVall . 1924-25 
Werle Oard vodeniciccs: 1925-26 
W. HH. Edmunds...... 1926-27 
AS ES. SORES foi ese cls 1927-28 
L. N. McClellan...... 1928-29 
We He Bullock ta..0 1929-30 
R. B. Bonney........ 1930-31 
R. E. Nyswander.... .1931-32 
W. D. Hardaway..... 1932-33 
A. W. Ainsworth..... 1933-34 


DETROIT ANN-ARBOR 
Authorized January 13, 1911 


CAL, deMiutralt...../. 1911-12 
J. J. Woolfenden..... 1912-13 
AUR A WY CLs0y2,0 2 a10r0 1913-14 
Hee Norton... LOL4—15 
Ri Collamore. .5..... 1915-16 
A. A. Meyer.. . .1916-17 
HoH. Highic.< SN ets eons 1917-18 
Go Es Lewis.ijjesicec0s 1918-19 
eC Parket sje c.<3 1919-20 
G@eKattred gencc0 sees 1920-21 
Dei ALDOLIght ssc te'si-is0: 1921-22 
Jeo. Cannons. .....- 1922-23 
Bele alley ceranterielee 1923-24 
pees OMY CET cctsiers 5 <= 1924-25 
G. B. McCabe....... 1925-26 
Harold Coles. 6 oi<<. 1926-27 
F. H. Riddle ...-- 1927-28 
AG Heovell. 2 oi.c10 +16 1928-29 
Wake Hickernell.j... 1929-30 
EAM TAIStEd (60 vye-sveice 1930-31 
J. J. Shoemaker...... 1931-32 
ORES Hauser yeeaecce 1932-33 
R® Foulkrodie. s... 3: 1933-34 
ERIE 


Authorized January 11, 1918 


CEPA Odetiannunasc 1918-19 
Cs Barry scsi clecvests 1919-20 
M. C. Goodspeed... . . 1920-21 
INS 18 BaSO We aaonote 1921-22 
Wie Jin Sel DET Eoin cinc sine 1922-23 
M. W. Metzner...... 1923-24 
Bla Clack rerctere\eiorels 1924-25 
He J: Hansetic ccc... 1925-26 
PA entiant nic ce. 1926-27 
Ge Curtis craters ors 1927-28 
IV ESIG OG So cistests eters 1928-29 
Wiebe Peltottncinc/a eer. 1929-30 
J. R. McDonald...... 1930-31 
IPRRe Urich acne...) L9di—a2 
VeCwNiillin own.) lLos2—o3 
Weel Bearce ane ste. 1933-34 
832 


FLORIDA 


Authorized January 28, 1931 
Joseph Weil,......... 1931-34 


> 


FORT WAYNE 


Authorized August 14, 1908 


Top IN AWWETRITSS cance 66 1908-12 
Ah WY dao eb oSnacdaG 1912-14 
L. D. Nordstrum..... 1914-15 
i, Je Ralime se iclere oc 1915-18 
P. C. Morganthaler.. . 1918-19 
(Goede Me oocoocamcon 1919-20 
(eee Simpson rrst.teiscl- 1920-21 
R. H. Chadwick...... 1921-22 
S. W. Greenland...... 1922-23 
© Ce Grandyn eens L923=24 
A. B. Campbell...... 1924-25 
E. L. Gaines.........1925-26 
D. W. Merchant..... 1926-27 
POs Noblew..:..2- 1921-28 
Ces Beyer 1928-29 
F. W. Merrill........1929-30 
We Je Morrill cr. 1930-31 
E. J. Schaefer.. . .1931-32 
B. A. Case.. _. 1932-33 
CaM: Summers. . . .1933-34 
HOUSTON 
Authorized August 7, 1928 
C. A. Williamson... ..1928-29 
L. K. Del’Homme... . 1929-30 
Cr Da Marman ions. 1930-31 
Hees Wise... lg ol oz 
Jz Bs Arthurs. 660: 1932-33 
Up SE OAV EUEES san obas 1933-34 
INDIANAPOLIS- 
LAFAYETTE 
Authorized January 12, 1912 
ONS Mores paneer 1912-14 
Ji Wayners uc.<2 ss 1914-17 
HO: Garman..2 ts 14 1917-18 
G. B. Schley......... ..1918-19 
J. Be Wayne. cs iene 1919-22 
DUCaiPykerce ac raae 1922-24 
Wi AS Black 5.0 1924-25 
H. M. Anthony...... 1925-26 
US Be Batley .2.ccscs.nvs 1926-27 
CrAR Bayi. ceecis one 1927-28 
HeekKesseliee cere eo co = 29 
Jeeb i Bailey secre sins 1929-30 
Ea GG, Ralstonanssnnis 1930-31 
Bevles Carters.) cree 1931-32 
Bo GoPhoms) oi sce scen 1932-33 
CABS Chatheld re circ 1933-34 
IOWA 


Authorized June 25, 1929 


C. L. Sampson.......1929-30 

J. K. MceNeely........ 1930-31 

HB. Hofhtaus. ss... 1931-32 

L. F. Wood..........1932-33 

Boks MeKieernn.cniece 1933-34 
ITHACA 


Authorized October 15, 1902 


Harris J. Ryan.......1902-06 
Kec Nichols ences 1906-16 
F! Bedell a acracineic . .1916-18 
An MSEAY Noe atte ethnic 1918-20 
JpiGePertselia opie er 1920-26 
R. F. Chamberlain... . 1926-29 
W. C. Ballard, Jr.....1929-31 
W. E. Meserve....... 1931-33 
By Ke NOrtntopy sti 1933-34 
KANSAS CITY 
Authorized April 14, 1916 
A. A. Thompson...... 1916-17 
W. Fe Barnes: 4.0.0). 1917-20 
G2CxShaadyiencuiect 1920-23 
Ri Le Weber ines sier 1923-24 
DisDrClarkels. cee cc 1924-25 
Bass Deweyn andes. 1925-26 
R. L. Baldwin........ 1926-27 
Devin DeGampaeer 1927-28 
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B). Jie Geongésn.s ccs 1928-29 
(AU EB Covey fectiniy cters 1929-30 
RS walt etre rater nen 1930-31 
Gi Piskesnnes certs vets 1931-32 
GLOy Brown. eiec 1932-33 
Rs W? Warner. caenc<s 1933-34 


LEHIGH VALLEY 


Authorized April 16, 1921 
Gy Hodges iowercreoi 1921-22 
IDS WEP ettyercteiciareiats 1922-23 
HaAGa Herveyionsece 1923-24 
Aer bs XSI Focko node 1924-25 
W. Hi; Lesser yi ocean 1925-26 
WE: Lioydy Jrin.. 2, 1926-27 
M. R. Woodward.....1927—28 
He Dy Baldwins... 1928-29 
A; J. Althouse;....... 1929-30 
W. M. Harbaugh..... 1930-31 
Morland King........ 1931-32 
JaGs Charest\ec.cG. 1932-33 
N. S. Hibshman...... 1933-34 

LOS ANGELES 

Authorized May 19, 1908 
CPW Koiners cao 1908-09 
JrA. Lighthipe. cc. 1909-10 
J. E. MacDonald..... 1910-11 
OMHe Bisignia.:icccn 1911-12 
G. AW Damon. isi70 « 1912-13 
E. R. Northmore..... 1913-14 
CAG. Pyleiedcse see 1914-15 
E. Woodbury........ 1915-16 
R. H. Manahan..... 1916-17 
D.. Morgan. ...5.... 1917-18 
J. H. Cunningham... .1918-19 
C. A. Copeland....... 1919-20 
R. W. Sorensen...... 1920-21 
IH 'Coxcecmetiicreare 1921-22 
J. N. Keiman....... 1922-23 
E. R. Stauffacher..... 1923-24 
C7 AY Heinzes, . aer 1924-25 
R.A. Hopkins. ...60%.. 1925-26 
R. E. Cunningham. . .1926—27 
be Cawilliamsaceriwies 1927-28 
Hy Va Caldwellwccccrn 1928-29 
WN. B. Hinson. 3... 1929-30 
H. W. Hitchcock..... 1930-31 
iP“S\Biegleray cc. 1931-32 
KR. HS Dellingers...2-1 1932-33 
AS PPHillewneccrm il oso .os 

LOUISVILLE 


Authorized October 15, 1926 


D. C. Jackson, Jr.....1926—28 
E. De Wo00d /) siccucnce. 1928-29 


H. W. Wischmeyer. . . 1929-30 
James Clark, Jr.......1930—31 
Pr PASH ene ool moe, 
Co Ms Ewing. cece ie 1932-33 
S2Ds Fifeyenccscenen 1933-34 


LYNN 
Authorized August 22, 1911 
ESB Boyery. sence 1911-12 
WreAs Halls. csacntestes 1912-13 
BO Re Betry:\..s.cse 1913-14 
Wiehe Pratt. secpesck 1914-15 
G. N. Chamberlin... .1915-16 
GuCampbellinc tsi 1916-17 
Je Mia Davisnn wee onan 1917-18 
L. E. Underwood..... 1918-19 
A. K. Warren........1919-20 
L. C. Loewenstein. ...1920-21 
Bj Ruddiiccuneincs 1921-22 
Jeo Wer WieSt.hnsieicice one 1922-23 
EROS lid eo araqence 1923-24 
BeWasti Clait one 1924-25 
EH. D. Dickinson...... 1925-26 
DEE Smalleyenwsnenre 1926-27 
W. Ey Dawson.canes 1927-28 
CASkoglutidy a aecteriet 1928-29 
TD BS Bantiandin..2 ce 1929-30 
A. L. Ellis. . 1930-31 
J. Ba Cook® Seiccerscrorstess 1931-32 
W. K. Dickinson... ..1932-—33 
SAGE MLOSS inieinnricents 1933-34 


MADISON Wie Riyamyronaeneer 1921-22 
PBAVOttOw ee curb 1922-23 
Authorized January 8, 1909 H. W. Meyer........ 1923-24 
M. H. Collbohm...... 1000-11 cy ee ns eh ee 
1GeDewatsioi-ccass 1925-26 
Jee ING Cad DNprreeteietan 1911-12 Hood 1926-27 
E. H. Kifer 1912-13 S.B;. Hoodin asics 
ae ; eee Jes Sumptet asc anc 1927-28 
ey Bennett n 1913-14 M. E. Todd 1928-29 
J Wa Shuster cn... 1914-15 Vv kb En avr arco 
SUMIStR a eee 1929-30 
M. C. Beebe.........1915-16 D. K. Lewis 1930-31 
ep Ace keanta ke errata 1916-17 6 Gisdea ee 1931-32 
J. R. Price .....1917-18 priate aaa uO 
7 W. Watson ee o1s=10 H. J. Pierce.......... 1932-33 
CoM alanck ee 1919-20 EH. Hagensick...... 1933-34 
(CERCA INGE Sa gaawacon 1920-21 
Ge BSHaydeni. ae 1921-22 
Hee Crothersan en 1922-23 MONTANA 
G. BE. Wagner: ........ 1923-24 
Re Ge walterermascd 1924-25 Authorized June 24, 1931 
Lo By As Eiels0inc csinu 1925-26 
Ey koievanrc 1926-27 Ji. As Thalers.aeceere 1931-34 
Jie Rood; sncasteriane 1927-28 
Tee. eeters peered Loso—2o: 
R. E. Purucker,...... 1929-30 NEBRASKA 
Wey. Cwlparson ences 1930-31 F 
Non Blume ooo 1931-32 Authorized January 21, 1925 
G. F. STACY serie cisterns 1932-33 P.M. McCullough... 1925-26 
Sy ROWE: ae 1933-84" GC) W. Minard., ounce 1926-27 
N. W. Kingsley...... 1927-28 
. CD; Robison. cane 1928-29 
MEMPHIS D. HH, Braymer,. eee 1929-30 
. WO; Jacobisz occcckx 1930-31 
Ue AES eA Ste AG eurnene eres 1931-32 
M. Eldredge: =... 2... 1930-31 "CC. Talend <c3o tte 1932-33 
W. A; Geatry. 3.07... 1931-32 > HS) Pahren.2. ee 1933-34 
G. O. MacFarlane... . 1932-33 
F. L. Christenbury. . . 1933-34 


NEW ORLEANS 


MEXICO Authorized December 8, 1933 
Authorized June 29, 1922 James M. Todd...... 1933-34 
FT Te PTO IOS Lue Pee 
Di Ke. Wewisi crac «ans 1923-25 
Kaks lopezsarcee ie 1925-26 NEW YORK 
CarlossMacias sees. 1926-27 
Br Nikiforofiy... 05+. 1927-28 Authorized December 10, 1919 
P. M. McCullough... . 1928-29 
Gi Scie Paves eee 1906230. eee Wei eee 1919-21 
BibiAtias ey aoe 1950-81 | Or ae ee 
EE Ciocer ere 1931-32 Calvert Townley..... 1922-23 
Wie A. Schulenburg. “1932-33 L: F- Morehouse..... 1923-24 
H. Hi Barnes) raiser 1924-25 
Cc. E. Plumb: .. . 1933-34 ; / 
Hvac Kidder. 2... eee 1925-26 
BE. B. Meyeriic sa 0c 1926-27 
MILWAUKEE L. W. W. Morrow... .1927-28 
R.. He Papscotts. jeer 1928-29 
Authorized February 11, 1910 4H. P. Charlesworth... 1929-30 
J. B. Bassett......... 1930-31 
W. H. Powell.......- 1910-11 ©. H. Caldwell 1931-32 
F. A. Vaughan....... 1911-12, 7 F. Barton......... 1932-33 
be eiBarnumseteeate 191215 9 Ce Reyoueste een 1933-34 
iB Bogen 5... sees 1913-14 
Tes Datum cnc as 1914-15 
R. B. Williamson.. 1915-16 
Joh Wit logon eeee Gay 1916-17 NIAGARA FRONTIER 
_ ere es meta Authorized February 10, 1925 
H. P. Reed........... 1919-20 J. Allen Johnson...... 1925-26 
We Cheney srmnrer 1920-21 H. B. Alverson....... 1926-27 
ye Mayer err 1921-225) lmlayae en eene 1927-28 
G. C. Post........... 1922-23 G. H. Calkins........ 1928-29 
S. H. Mortensen...... 1923-24 Re TD Henry meee 1929-30. 
Cae EV anisms onies 1924-25) i SeBundy=. eee 1930-31 
Ei pee EU Uuntleyc recite 1925-26 RW. Graham 1931-32 
H. L. Van Valkenberg.1926-27 FS. Wahl........... 1932-33 
J; D. Ball... 2. a 1927-28 J. S. Henderson...... 1933-34 
E. R. Stoekle........ 1928-29 
E.. W. Seeger. onc. .0 1929-30 
eat Karta ker nicrtic 1930-31 
Cy Hy Kerme ger. cane 1931-32 NORTH CAROLINA 
Wivlwis ent yaerrciudere 1932-33 . 2 
Son eas eae ae 1933-34 Authorized March 21, 1929 
Es P Coles acacumrcnire 1929-30: 
J. By Paget .o.0c enon 1930-31 
MINNESOTA Jey Lear enwntcnses 1931-32 
Fy Mosetseaniciicaier 1932-33 
Authorized April 7, 1902 H. M. Doerschuk.....1933-34 
G. D. Shepardson. .. . 1902-05 
Bees Durch 1905-06 
H. J. Gille...........1906-07 ET RO OSE EEE 
EB. A. Scofieldiny ce. 1907-09 ; : 
7. GC: Vineeate ae 1909-11 Authorized February 16, 1922 
CLL Pillsbury. «ccs 1911-12 F. W. Insull......5.; 1922-23. 
AS TES-ADDOUC easier 1912-13, DM: Fariss, jecs.st 1923-25. 
Wer cbeek variances tiene 913-14 EH. Re Ragen. secs 1925-27 
EH. Coopers .inc seis UGV4=15' > HB ekourts ncaa 1927-28, 
Hoa. Streets. cececicn 1915-16 C. V. Bullen. 1928-29 
Raion Cartenncesiyae 1916-17 C. W. Mier . 1929-30; 
F. W. Springer....... 1907-18) Bee Mey erence ics 1930-31 
Mi Bartiert aeaescee 1918-19 C. T. Almquist....... 1931-32 
B Dustines ca cwccccve + 1919-20 E. B. Jennings....... 1932-33 
J.D. Marshally..... . 1920-21 R.F. Danner........ 1933-34 


ELECTRICAL ENGINEERING 


PHILADELPHIA L. F. Blame: .2>....«.1929-30 C. P: Potter........ 1928-29 SEATTLE SYRACUSE 
C. H. Kline..........1930-31 G. H. Quermann.....1929-30 
Authorized February 18, 1903 F. R. Finch..........1931-32 C. B. Fall........ ...1930-31 Authorized January 19, 1904 Authorized August 12, 1920 
Carl Hering........ ..1902-03 V- M. Montsinger....1932-33 C. H. Kraft......... 1931-82 G. Dunn..... 0s. 1904-05 E. T. Moore......... 1920-22 
C. E. Hewitt.........1903-04 WH. Cooney.......1933-34 uh = deat a ooeig; Howard: Jedlyn oar 1905-06 R. D. Whitney....... 1922-24 
H. A. Foster.........1904-05 ashington... . . C. E. Magnusson.....1906-08 W. C. Pearce........ 1924-26 
C= We Pikes o.26% ...- 1905-06 PORTLAND J. H. Harisberger..... 1908-10) (CSES Dorre. acces 1926-28 
W. C. L. Eglin.......1906—07 Ay AS Mullery csaycneeae 1910-12 W.R. McCann....... 1928-29 
Wik) OLEVENS. «cee = 1907-08 Authorized May 18, 1909 JeDE ROSS sence aesi 1912-13° FOES Verdins3. +. 5. ce 1929-31 
Paul Spencer......... 1908-09 SAN ANTONIO Si CaNLAtIC Salyers 1913-15 C. W. Henderson..... 1931-33 
G. A. Hoadley...:... 1909-10 O. B. Coldwell.......1909-11 C. E. Magnusson..... 1915-17 W.E. Mueller....... 1933-34 
(Cy lk AWM aaah sos 6 1910-11 F. D. Weber.........1911-12 Authorized May 23, 1930 J. Harisberger........ 1917-19 
He Cy Snook... ... ....1911-12 H.R. Wakeman......1912-13 D. WF 1930-31 G:F: Quinan........ 1919-21 
H. A. Hornor........ TWTONB (Co INCA con oncsoa Ry Leb Noes One Eeoobane a jee) Growdenseaee: 1921-22 TOLEDO 
A. R. Cheyney.......1913-14 R. F. Monges........1914-15 J. E. Woods......... 1958-82 Gam herrellys ee 1922-23 : 
H. S. Sanville........ 1914-15 P-Lebenbaum.......1915-16 1. 4. Uhr............ 1952-33 OA ST and sso 1923-24 Authorized June 3, 1907 
WH sTracyenscase: v 1915-16 L. T. Merwin........ 1916-17 V- H. Braunig........ 1933-34 J Hellenthal......... 1924-25 w.G. Nagel......... 1907-08 
H. P. Liversidge......1916-17  E. D. Searing........ 1917-18 Els AL OC Wire sienatotevene 1925-26 CR. McKay........ 1908-09 
Ne -rlayward...c..s sc. 1917-18 R. M. Boykin........1918-19 © Be Mongo inka sas 1926-27 ww. W. Hansen....... 1909-11 
Wee James: iis csronds 1918-19 E.F. Whitney....... 1919-21 CER MWalliss saan My) Cig ice 1911-16 
GREY Clewellist 007 1919-20 W. C. Heston........1921-22 SAN FRANCISCO L. N. Robinson...... 1929-30 WE. Richards...... 1916-17 
Ce reBonine,......-. 1920-21 D. W. Proebstel...... 1922-23 CoE. Carey wo aeroy: 1930-310 WALT eee 1917-21 
Pat: Chase vccioe as) 1921-22 E. F. Pearson........1923-24 Authorized December 23,1904 M. T. Crawford...... 193132 Bea cort crane 1921-24 
WOR B eMuttle yc aac s.s15 1922-23 H. P. Cramer........ 1924-25 AS Ey Daclandnccdsccy 1932-33 p R Kna eee] 
Re DD eeiteets 924-25 
R. B. Mateer........ 1023-24 L. W. Ross.......... 1925-26 Bee Ret OS ae GiU Moatda sy. 1992-34. AU HU StcL ice 1925-26 
= za aldol we eeees once t = ce woes eeoce qoyine fhe TE AEM. os ooo 1907-08 OLR Rabberweeetern 1926-27 
. UTE... 2. ee eee a M M oa sisresterie: “Tes 1928-29 C. W. Burkett....... 1908-09 a Je Nolanvebirce cas 1927-28 
et. Costa, 20.7). 1926-27 L. M. Moyer......... CR Mush 1909-10 W. T. Lowery........ 1928-29 
Ss 1927-28 H. H. Cake 1920-30 eter aye aie 
Ue WIGS ate goomoane SEBO RS SOIC 25D Ss Lich 1910-11 A E. B. Featherstone. . . 1929-30 
L. F. Deming........ 1998-29 A.H. Kreul.......... 1930-31 eo, apres ie aes SHARON if Ho Dubs.) se. 0308s 
R. H. Silbert.........1929-30 R. J. Davidson....... 193 E92 ade COMES ee . x cawiddic eee 2 
‘ H. W. Crozier 1912-13 Authorized December 11,1925 J A. Dinwiddie...... 1931-32 
D. H. Kelly. eeccccce . 1930-31 UM We wiSe crs nte orate Aneeea an H VGhieoold ile es to 1913-14 ; 2 T. Yt: Heitkamp ei 1932-33 
C.N. ae GUSOOS eos Went Wei Zeagnnacds Cut WiLoneee 1914-15 we BS a sacntoose reeenee E. H. Howellen. nue 1933-34 
a Race OS oe Gey, A. H. Babcock....... 11D Om eestor Nae eae 
Piso) LATING 575 «\eiere-~ PROVIDENCE Jo Es Woodbridge <1 1916-17 eta ec aes 
L. R. Jorgensen...... 1917-18 J Cis... 1929-30 TORONTO 
i mes Clarkeemicas esse 1918-19 St ne ote 
PITTSBURGH OS Ee eid NaS chad apts es ER aeny SEE SUIS Recent ck 1930-31 Authorized September 30, 
1920-21 ie ET aE yt BRS Re Ma ield rater crerciers 1931-32 
Wier Slade... see. en: J Pp Jollyman 1920-21 1903 
Authorized October 13, 1902 WN. Stahl NOP ED (SO ee ASP) Bender... se 1932-33 
2 b2 ADL... eee rece W. P. L’Hommedieu 1921-22 A. Ka 1903-04 
: nana dams 1922-23 ¢ a W. W. Satterlee......1933-34 J. mmerer.,.... 
P. M. Lincoln. .......1902-04 H. H. Henline........ 1922-23 T. R. Rosebrugh.. ... 1904-05 
N. W. Storer......... 1904-05 HA. Stanley........ 1928-22 ya A. Koontz,3r..0 06: 1923-24 HA icone: 
3 1D. Cae ee 1905-06 WE-BSVewisS... cers ss 1924-25 FR. George........- 1924-25 R. T. MacKeen... .1905-06 
Hana ichccu ene 1906-07 VC Ie Te Gl sano 1925-26 ReGaPowclii ne 1925-26 RG Blacks ne 1906-07 
&. To. Gah ee 1907-08 E- E. Nelson......... 19265275 Dy eCone seen es coe 1926-27 SOUTHERN VIRGINIA x Jj, Aitken... 1907-08 
W.E. Reed... 1908-09 F. N. Tompkins BARS Sh 8, 1927-28 Wen Wa ntenin «ihe 1927-28 W. A. Bucke 1908-09 
ie = B¥. WATSON. :. 2 Ss - 6 me Be De Dexterscenacces 1928-29 uthorize ay 19, ‘ 
og rs 1909-10. *- Watson ee Authorized May 19,1922 HW. Price...,..... .1909-10 
H.N. Muller........ 1910-11 TW young... OS0L31 en re cages ee Sut, Ce, Cake Se 1922-23 E. Richards.......... 1910-11 
K.C. Randall........ SOLS Oe Oa ry a ead VET Mone boosh lone 1930-31 C. Bell......... 1923-04 A. L. Mudge......... 1911-12 
E. L. Farrar 1912-13 pile! a OCKS...... EA. Crellini nce. ch 1931-32 . F. A. Gab 1912-13 
TORO OS I. W. Knight 1932-33 H. B. Hawkins.......1924-25 #. 4. Gaby.......... 
Dud 1913-14 : ASIC ee eieie oe Be Re Manyatt.. see 1932-33 = 
A. M. Dudley........ OMwansrden 1933-34 : 933-34 W-S. Rodman....... 1925-28 H. D. McDougall..... 1913-16 
oY eee eee Ct oa MESES nbainiccicrs M2087 2 HG Leonard). sis 1928-30 E. T. eee aise ele 
BeEAA OCHOeDE .)</5/</.6.- = Top Bere yor oe cee 1930-32 Ordon. necenr = 
c Ss shag Soe teteces ae ed ROCHESTER GeciliGrayance eee 1932-33 % s ie. Banaontkod +5 ere 
* 1a Wage Gs oogaud = E. L. Lockwood...... 1933-34 OOPEF eo ciexiare store a 
Wem Re OW OF... <ae sare 1918-19 4 ASKATCHEWAN BUR. Ewart:xt acces 1920-21 
WG. Carroll... «22.0 1919-20 Authorized October 9, 1914 = Wa be Dobson nes 1921-22 
Bac. Wennison:.....-- ees J; OuParkervaocnine 1914-15 Authorized October 14, 1925 S. E. M. Henderson... 1922-23 
HeaW. smith... 2... 1921-2 BSE ack WALGAGT icc ates 1915-16 C. E. Schwenger...... 1923-24 
RC STONE. oaccie sic 2.0 1922-23 ©. W. Bodler......... 1916-17 eat teeeeeeeees ae SPOKANE H. C. Don Carlos.....1924-25 
Or Needham): - i... 3 1923-24 fF. CRMay lore ercietevate 1917-18 * - Parker.......-. a Authorized Feb 14, 1913 EB Chubbick. ane 1925-26 
M. E. Skinner........ 1924-25 R. H. Manson....... 1918-19 J: D. Peters..-......- Pa aS ds bed eat a M. B. Hastings....... 1926-27 
G. S. Humphrey...... 1925-26 J. W. Morrison....... 1919-20 E. W. Bull........... 1928-29 Jj. B. Fisken......... 1913-147 Cue) Sissonteee eee 1927-28 
D. M. Simmons...... 1926-27 H. J. Schiefer........ 1920-21 J. R. Crowley........1929-30 J. w. Hungate.......1914-15 E. M. Wood......... 1928-29 
W. C. Goodwin...... 1927-28 S. Alling.............1921-22 W. T. Hunt.......... 1930-31 Vy, H. Greisser........ 1915-16 F. F. Ambuhl........1929-30 
HES Dy che... 1928-29 G. A. Scoville........ 1922-23 N. W. Dubois........ 1931-33 p. F, Henderson..... 1916-17 D. A. McKenzie...... 1930-31 
J. A. Cadwallader....1929-30 W.S. Burch......... 1923-24 H. Forbes Roberts....1933-34 ©, A. Lund.......... 1917-18 1 W. Eadie......... 1931-32 
(Co TST EM aod 1930-—SL he De Bry nen ences 1924-25 Gi Naxon yes aise ae 1918-19 I. M. Maclean....... 1932-33 
era CONNEC! . 65... <5. 1931-32 A. E. Soderholm . 1925-26 AG Lops OOS aso 1919-20) (GD) Floyds... eee 1933-34 
PERO POORET, « cisec ss cee 19S2—S3 meron ycarkenn nian 1926-27 Rios Daniels.) acct < 1920-21 
Ree KIL. (sos Gooset, UR, Dr DeWolfic..ccss 1927-28 SCHENECTADY De ECE OSPISil rararetstelonais 1921-22 
H. E: Gordon... .:.- 1928-29 Hie Mel vininrnacaite 1922-23 URBANA 
Vin, Me Grahame. a..3 1929-30 Authorized January 26, 1903 ri Pa: Beas Verena ee ae ne re ne Ne 
—~ Sor CIN GID a cratereie ut as —Zo thorize ovember Pp ao) 
Ere SEIELD Eee ee ei nat ga § Ge P. Staininetz, 1s EOS GG. & Covers 1025-98 nn ee 
i C. F. Estwick........ 1932-33 D. B. Rushmore......1905-08 R. McKay........... 1926-27 W.H. Williams...... 2— 
uakemen es Sn Cimden a 1933-34 E. J. Berg.....---.-. 1908-09 1. R. Gamble 1927-28 J. M. Bryant........ 1906-05 
PemeAe Gs Perrine. ..<e\< 1904-05 WE OR AB con omooen 1909-10) iB Olsen ue ee 1928-29 E. B. Paine 1908-09 
SSmG CHESHEY tra eit ce 1905-06 E. A. Baldwin........ LOLO-1 Tm Batch cess so nce: 1929-30 C. T. Knipp......... 1909-10 
(Slo Mbeya oobonun 1906-07 ST. LOUIS E. B. Merriam....... 1911-12 AC Traub ee 1930-31 Morgan Brooks...... 1910-11 
Jo LETC RA aeons sence 1907-08 is eee wha vloren aera eae Wot Vincent.. ae 1931-32 re Hy Aiea byetetexer rs pee 
PVA FLA. Seis ss 1908-09 . GAC tare) ciscerere — C. F. Norberg........ 1932-33 : . BUCK Rp nactoe ae -1k 
Be tose foUa10 ae? | HM. Bobarts, -.. 5: 1914715) eo A Allen = 1933-34 Morgan Brooks...... 1913-14 
Syme BGK si. cos.0. ss 1910-11 W. E. Goldsborough...1903-04 L.T. Robinson....... 1915-16 I. W. Fisk attire Mente 1914-15 
eo Paccioli....5.5....5 1911-12 H.H. Humpbhrey..... 1904-05 C. E. Eveleth........ 1916-17 P. S. Biegler eee vies 1915-16 
W. C. Smith.........1912-13 A. H. Timmerman....1905-06 W.L. Upson......... eee “ ae he steal. Lh S| 
Vis Tih Stal eeepc 1913-14) “Al'S: Langsdorf... =. - 1906-10 Ke APP aulyn 3. ceric sie 1918-1 RINGFIELD £ ames i ba lenreaiene 917- 
ew Lewis.....1... 1974-15 Go WeLamke.. ew... 1910-12 C. S. Van Dyke...... 1919-20 SP A. R, Knight........ 1918-19 
Ma ©, Troy..........1915-16 J. A. Osborn......... 1912-13 H.R. Summerkayes. .1920-21 Authorized June 29, 1922 Morgan RBrooks...... ace 
V. E. Goodwin....... 1916-17 F. J. Bullivant.......1913-14 S.H. Blake.......... 1921-22 j Be Be Waldois, 2255-5 1921-22 
Ree Brands. sucess 1917-18 SUNS Clarkson. see lO14=15) CM. Davis...05.> -- 1929-23 We Aw Dickie acs vies 1922-23 H. A. Brown. Seca Vai ee 23 
DMM CNUITIC( c-a54.0< rue e 1918-19 W. O. Pennell........ 1915-16) Ro CS Mair... os. ss 1923-24 J. M. Newton SatetAersiens 1923-24 E. B. Paine. saves ve ewlOzem-ee 
Re, Wagner:....... 1919-20 A. McR. Harrelson...1916-17 J. R. Craighead...... 1924-25 G. W. Atkinson mraitasare 1924-25 C. T. Knipp......... 1924- 25 
F. W. Peek, Jr.......1920-21 H. W. Eales......... 1917-18 W. J. Davis, Jr....... 1925-26 R. P. King......-... 1925-26 C.A. Keener 5A die awads 1925- 26 
Wet Sclaters. 2.0.23. 1921-22 J. L. Hamilton.......1918-19 R.E. Doherty....... 1026-0 feo Curtistem scree: 1926-27 J. T. Tykociner...... 1926-27 
Rene. WV ICE. 6 occ ec wre 1922-23 G. A. Waters... 2.5.4 1919-21 T. A. Worcester...... 1927-28 C. A. M. Weber...... 1927-28 J. O. Kraehenbuehl., ; 1927-28 
RUPE LT CAROL... 60 <0 sic 1923-24 J. L. Woodress.......1921-22 E.S. Lee............ 1928-29 J. F. Murray......... 1928-29 J. K.T uthill. SESS SER 1928 -29 
Bees ELASICY. 6-5 0% «0s 1924-25 J. M. Chandlee....... 1922-24 Re Treats. ees cnc se 1929-30 F.L. Hunt.......... 1929-30 M. A. Faucett heer - 1929-30 
E, D. Eby...........1925-26 B.D. Hull........... 1924-25 E.S. Henningsen..... 1930-31 J. N. Alberti Sararsverete - 1930-31 Cc RB. Skroder, rr ioc .1930 31 
E, F. Gehrkens,...... 1926-27 F. D. Lyon.......... 1925-26 R.A. Beekman.......1931-32 B.V K. French...... 1931-32 E. H. W aldo, Scere sec 1931-32 
H, O. Stephens....... 1927-28 W.H. Millan........ 1926-27 EE. E. Johnson........ 1932-33 Hans Passburg.......1932-33 E. A. Reid...........1932-33 
Ries). ,0...01 1928-29 L. F, Woolston....... 1927-28 D. W. McLenegan ...1933-34 L.C. Packer.........1933-34 H. N. Hayward...... 1933-34 
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UTAH F, W. MacNeill......1923-24 LL. T. Blaisdell....... 1922-23 
GaINaBeebesee pares 1924-25 LL.M. Evans......... 1923-24 
Authorized March 9, 1917 A. Vilstrup..... 1925-26 Ja be Recrysesnserrier 1924-25 
RSE Halles ae 1926-27 A.F.E.Horn........ 1925-26 
Pe ee Pe PA CURS Vuill, 6G. 3 1927-98 °C AcRobinson con 1926-27 
Pees eh eee CW.) Colvitiy: ain 1928-29 M.G. Lloyd.........1927-28 
oukeMerrilis, 05. sats 1920-21 a3 ah cease 
mePeAchworth “4921-22 J: Teasdale nouieciotec8 € 1929-30 =L. ISS... sees eee 
i ae dope den Ele Vickers. os, ust: 1930-31 W.A.E. Doying..... 1929-30 
COnenicse oe joos-o4 Go Ro Wright..7-.... 1931-38  G. W. Vinal.........1930-31 
HW Rie ea ae 1924-05  L- B. Stacey,........ 1933-94 9 Go ls Wellense one 1931-32 
ND Sas ae natn ea, * T. J. MacKavanagh. .1932-33 
LI BRSSS | OCS aa ea 1925-26 R. Whitehurst 1933-34 
BOM heatiakee 10262077. Sho) PR ee 
D. L. Brundige....... 1927-28 WASHINGTON 
RC on 7 ione-g9 Authorized April 9, 1903 WORCESTER 
Pees ENOL eles iaictevsve se 1930-31 HBAS Wolff ner eee 1903-04 ‘ 
Paul Ransom........ 1931-32 Samuel Reber........ 1904-05 Authorized February 18, 1920 
A. L. Taylor......... 1932-33 B. Rosa.......... 1905-06 “GC. R» Oliver...... 0+ 1920-21 
H. T. Plumb......... 1933-34 Edgar Russel........ 1906-07 G.M. Hardy........ 1921-22 
P. Gy Burtonsce. ioc 1907-08 Ba Je Adamsy annie. < 1922-23 
Py Bettseuc sree 1908-10 LB Bierce cs eda 1923-24 
VANCOUVER Bl Wheeler... .--des. 1910-12 S.M. Anson......... 1924-25 
A Ifo I8E, ISTO soo gocko 1912-13 E. T. Harrop...°....1925-26 
Authorized August 22,1911) 5G ‘hady.......... 1919 440 Cini Hood ie 1926-27 
MD BNims:aaeniee ess 1O11=13 sue CoeBe Mirick sien 1914-15  G. F. Woodward..... 1927-28 
eNO Breeds nen: 1913-14. R.H. Dalgleish...... 1015=16 uA Snowe: 1928-29 
er eleabelless..) vo. 1914=151) PAL Dunlop! jens cece 1916-17. H.H. Newell........ 1929-30 
R. F. Hayward....... 1915-20 P. G. Agnew ...1917-18 JAS Oldhamin..i... 1930-31 
Eoecawlordsee non: 1920-21 J. E. Smith Reet O1S8-10 ee Jaa WicCunnts ee 1931-32 
Wen RCAC Fiyciciscs:sisolens 1921-22 M. M. Flanders... . 1919-21 H.'A. Maxfield.......... 1932-33 
BREE CLOSDY « siaieiens.c'y 1922-23 A. R. Cheyney. 3.56.54 1921-22 TIL ea wit ternrdeclsn 1933-34 


Past and Present 


Officers of the Institute 


*Abbott, Arthur V., V-P., 1900-02. 

Adams, Comfort A., M., 1912-15; V-P., 1915-17; 
P., 1918-19. 

Adsit, C. G., V-P., 1921-23. 

*Anthony, Wm. A., V-P., 1886-89; P., 
V-P., 1894-6. 

Armstrong, A. H., M., 1903-06; V-P., 1906-08. 


1890-91; 


Arnold, Bion J., M., 1895-98; V-P., 1902-03; P., 


1903-04. 
Auty, K. A., V-P., 1932— . 


Babcock, A. H., V-P., 1918-19. 

Barnes, H. H., Jr., M., 1910-13; V-P., 1913-15. 

Barstow, W. S., M@., 1900-03; V-P., 1903-05. 

{Bates, D. H., V-P., 1885-87. 

*Baum, Frank G., V-P., 1906-08. 

Beaver, J. L., V-P., 1927-29. 

Bedell, Frederick, M., 1914-17; V-P., 1917-18. 

*Behrend, B. A., M., 1913-16; V-P., 1916-18. 

*Bell, Alexander G., V-P., 1884-85; P., 1891-92. 

*Bell, Louis, M@., 1891-94. 

Bennett, Edward, V-P., 1924-26. 

Berresford, A. W., M., 1909-12; 
P., 1920-21. 

Bettis, A. E., V-P., 1926-28; D., 1928-32. 

Bickelhaupt, C. O., V-P., 1927-29. 

tBlack, R. G., M., 1910-13. 

Bonney, R. B., V-P., 1933- . 

*Brackett, Cyrus F., M., 1886-89. 

*Bradley, Chas. S., M., 1894-97; V-P., 
M., 1899-1902. 

*Brooks, David, M., M., 1885-88. 

Brooks, Morgan, M., 1907-10; V-P., 1910-12. 

*Brush, Chas. F., M., 1884-87. 

Bryant, J. M., M., 1924-28. 

Buck, Harold W., M., 1907-10; 
P., 1916-17. 

*Buckingham, Chas. L., M., 1885-88. 

Bussey, H. E., V-P., 1923-25. 


V-P., 1912-14; 


1897-99; 


V-P., 1910-12; 


Carle, N. A., M., 1916-19; V-P., 1919-20. 
*Carlton, W. G., M., 1908-11; V-P., 1911-13. 
Carpenter, H. V., V-P., 1930-32. 

*Carty, John J., M., 1893-96; 1900-03; 1903-04; 
1906-08; V-P., 1904-06; 1908-11; P., 
1915-16. 

*Chamberlain, J. C., M., 1890-93. 


Charlesworth, H. P., M., 1923-27; V-P., 1930-32: 
P., 1932-33. 

Chesney, C. C., M., 1905-08; V-P., 1908-10; 
P., 1926-27. 

Chesterman, F. J., D., 1926-30. 


Chubb, L. W., D., 1931— . 
Chubbuck, L. B., V-P., 1931-33. 
¢Church, W. Lee, M., 1887-88. 
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Clarke, Chas. L., M., 1904-05. 

Clifford, H. E., M., 1908-11. 

Coldwell, O. B., V-P., 1921-22. 
*Compton, Alfred G., M., 1891-94. 
Cooper, A. B., V-P., 1927-29; D., 1930— . 
Copley, A. W., V-P., 1931-33. 

*Craft, E. B., M., 1920-24. 

Craft, F. M., V-P., 1933- . 


*Crocker, Francis B., M., 1888-90; V-P., 1890-92; 


1894-96; P., 1897-98. 
tCrosby, Oscar T., V-P., 1892-94. 
*Cross, Chas. R., V-P., 1884-85. 
*Cuttriss, Chas., M., 1888-91. 


*Delany, Patrick B., M., 1890-93; V-P., 1893-95. 


Del Mar, Wm. A., M., 1917-21; 
Dobson, W. P., V-P., 1925-27. 
*Dolbear, A. E., V-P., 1885-87. 
Don Carlos, H. C., D., 1926-30. 
Downing, P. M., V-P., 1925-27. 
*Duncan, Louis, P., 1895-97. 


V-P., 1921-22. 


Dunn, Gano, M., 1897-1900; V-P., 1900-02; M., 


1902-05; V-P., 1905-07; P., 1911-12. 


Eales, H. W., V-P., 1921-26. 

*Eckert, W. H., M., 1884-85. 

*Edgar, Chas. L., M., 1905-08. 

*Edison, Thos. A., V-P., 1884-85. 

*Eglin, W. C., M., 1903-06; V-P., 1907-09. 
Emmet, W. L. R., V-P., 1900-02. 

Evans, Herbert S., V-P., 1929-31. 

Ewart, F. R.. V-P., 1921-23. 


*Faccioli, G., M., 1918-22; V-P., 1922-24. 
Ferguson, Louis A., M., 1904-07; V-P., 1907-08; 
P., 1908-09. 


Ferguson, O. J., V-P., 1927-29. 

*Field, Stephen D., M., 1884-86. 

*Finney, John H., M., 1914-17; V-P., 1917-18. 
Fisken, John B., M., 1916-19; V-P., 1919-20. 
Fleager, C. E., V-P., 1929-31. 

*Foster, Horatio A., M., 1890-93. 

Fowle, I. F., M., 1919-23. 

*Fowler, A. C., M., 1887. 

Fowler, M. M., D., 1925-29. 

Freeman, W. E., V-P., 1931-33. 


*Geyer, Wm. E., M., 1888-92. 
Gherardi, Bancroft, M., 1905-08; 
1908-10; P., 1927-28. 


Goldsborough, W. E., M., 1901-04; V-P., 1904-06. 


*Gray, Elisha, M., 1884-86. 
*Green, Norvin, P., 1884-86; V-P., 1886-88. 
*Greene, S. Dana, M., 1899. 


50th ANNIVERSARY NUMBER 


1914-17; V-P., 


Hall, Walter A., M., 1917-21; V-P., 1921-22. 


" *Hamblet, Jas., M., 1891-94; V-P., 1894-96. 


Hamilton, George A., V-P., 1884- 86; Nail. Treas., 
1895-1930. 

*Hammer, William J., V-P., 1891-93; M., 1893-96. 

Hanker, F. C., D., 1927-31. 

Harisberger, John, V-P., 1924-26. 

*Haskins, Chas. H., V-P., 1884-86. 

*Hasson, W. F. C., V-P., 1895-97; M., 1897-1900. 

*Hazard, Rowland R., Treas., 1884-86; V-P., 
1887-89. 

*Hellings, M. L., M., 1884-85. 

Henderson, S. E. M., V-P., 1923-25. 

Henline, H. H., Act. Natl. Secy., 1932; 
Secy., 1933- . 

*Hering, Carl, V-P., 1891-93; 1895-98; P., 1900-01. 

*Herzog, F. Benedict, M., 1887-92. 

t+Hewitt, Chas., M., 1893-96. 

tHibbard, Angus S., M., 1892-95; V-P., 1895-97. 

Higson, C. R., V-P., 1932- . 

Hobart, H. M., M., 1922-26; V-P., 1926-28. 

*Houston, Edwin 7) M., 1884-87; P., 1893-95. 

Howell, John W., M., 1888-90. 

Hull, A. H., V-P., 1933- . 

Hull, B. D., V-P., 1928-30; D., 1931-. 

Humphrey, H. H., V-P., 1906-08. 

Hunting, F. S., M., 1911-14; V-P., 1914-16. 

Hutchinson, Cary T., M., 1895-98; V-P., 1898- 
1900. 

*Hutchinson, F. L., Natl. Secy., 1912-32. 


Natl. 


Imlay, L. E., M., 1919-23. 


Jackson, Dugald C., V-P., 1897-99; P., 1910-11. 

Jacksun, W. B., M., 1912-15; V-P., 1918-19. 

James, Wm. F., V-P., 1923-25. 

Jamieson, B. G., V-P., 1926-28. 

Jewett, F. B., M., 1915-18; V-P., 1918-19; P., 
1922-23. 

Johnson, J. Allen, D., 1928-32; V-P., 1932- . 

*Jones, Francis W., M., 1884-85; V-P., 1885-87. 

Jorgensen, L. R., V-P., 1919-20. 

Juhnke, P. B., D., 1933- . 

*Junkersfeld, P., M., 1913-16; V P., 1916-18. 


Kearns, J. E., D., 1929-33. 

*Keith, Nathaniel S., Secy., 1884-85. 

Kelsch, Raymond S., V-P., 1918-19. 

Kennelly, Arthur E., V-P., 1892-94; M., 1894-97; 
V-P., 1897-98; P., 1898-1900. 

Kidder, H. A., M@., 1925-28; V-P., 1928-30. 

Knight, G. L., M., 1922-26; V-P., 1926-28. 

Knowlton, A. E., D., 1930- . 

Kositzky, G. A., D., 1932- . 

Kouwenhoven, W. B., V-P., 1931-33. 


Lacy, T. N., V-P., 1930-32. 

*Lamme, Benj. G., M., 1907-10. 

Lardner, H. A., M., 1913-16. 

Lee, Everett S., D., 1933- . 

*Lee, William S., M., 1911-14; D., 
1930-31. 

*Leonard, H. Ward, M., 1890-93; V-P., 1893-95. 

*Lieb, John W., M., 1896-99; V-P., 1899-1901; 
M., 1901-03; V-P., 1903-04; P., 1904-05. 

*Lighthipe, J. A., V-P., 1913-15. 

Lincoln, J. F., M., 1920-24. 

Lincoln, Paul M., M., 1906-09; 
P., 1914-15. 

Liversidge, H. P., D., 1927-31. 

*Lloyd, Herbert, M., 1898-1901. 

*Lockwood, Thos. D., V-P., 1886-87; M., 1888-90; 
V-P., 1891-93. 

Lovell, A. H., D., 1932— . 

*Lozier, R. T., M., 1902-04. 

Lunn, Ernest, M., 1922-26. 


1929-305) 


V-P., 1909-11; 


MacCutcheon, A. M., D., 1928-32. 

Macdonald, J. E., V-P., 1923-25. 

*Macfarlane, Alexander, M., 1897-1900. 

Maclachlan, Wills, V-P., 1919-20. 

Magnusson, C. E., V-P., 1920-21. 

*Mailloux, C. O., M., 1886-89; V-P., 1898-99; M., 
1899-1902; V-P., 1902-04; M., 1905-07; P., 
1913-14. 

*Martin, T. Commerford, Act. Secy., 1884-85; 
M., 1885-87; P., 1887-8; V-P., 1888-90. 

Martindale, E. H., M., 1917-20; V-P., 1920-21. 

*Maver, Wm., Jr., M., 1888-91. 

*Maynard, Geo. C., V-P., 1886-88. 

McAllister, A. S., M., 1914-17; V-P., 1917-18. 

McClellan, William, M., 1912-15; V-P., 1915-17: 
P., 1921-22. 

tMcConahey, W. M., M., 1923-27. 

McDowell, C. S., V-P., 1920-21. 

Merriam, E. B., M., 1924-28; V-P., 1928-30. 

Mershon, Ralph D., M., 1900-03; V-P., 1903-05; 
P., 1912-13. 

Meyer, E. B., D., 1927-31; V-P., 1932- . 

*Michaelis, O. E., M., 1886-89; V-P., 1889-90. 

Mills, G. A., V-P., Aug.—Oct. 1932. 
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Mitchell, W. E., V-P., 1925-27. 

Morehouse, L. F., M., 1919-23; V-P., 1924-26. 

Morrow, L. W. W., D., 1933- . 

Moultrop, I. E., D., 1926-30; V-P., 1930-32. 

*Mullin, E. H., M., 1902-04. 

Murray, Wm. S., M., 1908-09; 
1912-14, 


1909-12; V-P., 


Newbury, F. D., M., 1918-22. 
Nichols, E. L., V-P., 1889-91. 
Norris, H. H., M., 1909-12. 
Northmore, E. R., V-P., 1927-29. 


“*Osgood, Farley, M., 1911-14; V-P., 1914-16; P., 
1924-25. 
jOwens, R. B., V-P., 1898-1900. 


Parker, J. C., V-P., 1921-22. 

Patton, P. H., V-P., 1931-33. 

*Peek; F. W. Jr., D., 1930-33. 

Pender, Harold, M., 1915-18; V-P., 1918-19. 

*Perrine, Frederick A. C., M., 1898-1900. 

*Phelps, Geo. M., Jr., M., 1885-87; Treas., 1886-95. 

*Pickernell, F. A., M@., 1896-99. 

Pierce, A. G., M., 1921-25; V-P., 1925-27. 

Plumb, H. T., V-P., 1922-24. 

*Pope, Franklin L., V-P., 1884-86; P., 1886-87; 
V-P., 1887-89. 

*Pope, Ralph W., Secy., 1885-1911; 

; 1911-29. 

Pratt, H. A., M., 1921-25. 

*Prescott, Geo. B., M., 1884. 

*Prescott, G. B., Jr., M., 1888-1891. 

Puffer, Wm. L., M., 1896-99. 

Pupin, Michael I., M., 1892-95; V-P., 1895-97; 
1901-03; P., 1925-26. 


Quinan, G. E., V-P., 1928-30. 


Hon. Secy., 


*Reber, Samuel, M., 1901-04; V-P., 1904-06. 

Rice, Calvin W., M., 1900-03; V-P., 1903-05. 

Rice, E. W., Jr., P., 1917-18. 

tRobbins, Chas., M., 1916-20; V-P., 1920-21. 

*Robinson, L. T., M., 1918-16; V-P., 1916-18; 
1920-21. 

Rodman, W. S., V-P., 1929-31. 

Ruffner, Chas. S., M@., 1916-20; V-P., 1920-21. 

Rugg, W. S., M., 1910-13. 


Rushmore, D. B., M., 1908-11; V-P., 1911-13. 


Ryan, Harris J., M., 1893-96; V-P., 1896-98; P., 
1923-24. 
Ryan, W. T., V-P., 1928-30. 


Sands, Herbert S., V-P., 1923-27. 

*Sargent, W. D., M., 1885-86. 

*Schoen, A. M., M., 1906-09; V-P., 1919-20. 

Schoolfield, H. H., V-P., 1926-28. 

*Schuchardt, R. F., V-P., 1922-24; P., 1928-29. 

Scott, Chas. F., M., 1895-98; V-P., 1899-1901; 
P., 1902-03. 

*Scribner, Chas. E., M., 1910-13; V-P., 1913-15. 

Sever, Geo. F., M., 1898-1901; V-P., 1901-03; 
M., 1903-06. 

Shaad, G. C., V-P., 1930-32. 

*Shelbourne, Sidney F., M., 1886-87. 

*Sheldon, Samuel, M., 1898-1901; V-P., 1901-03; 
M., 1903-06; P., 1906-07. 

Sibley, R., V-P., 1921-23. 

Sisson, C. E., V-P., 1929-31. 


Skinner, C. E., M., 1915-19; V-P., 1919-20; 
P., 1931-32. 
Slichter, Walter I., M., 1918-22; V-P., 1922-24; 


Natl. Treas., 1930- . 

*Smith, H. B., M., 1920-24; V-P., 1924-26; P., 
1929-30. 

*Smith, W. W., M., 1884-85. 

Sorensen, R. W., V-P., 1933- . 7 

*Spencer, Paul, M., 1906-09; V-P., 1909-11. 

Sprague, Frank J., V-P., 1890-92; P., 1892-93. 

*Springer, F. W., V-P., 1921-23. 

Sprong, S. D., M., 1909-12; V-P., 1912-14. 

*Stanley, Wm., V-P., 1898-1900. 

*Steinmetz, Chas. P., M., 1892-95; V-P., 1896-98; 
M., 1898-1901; P., 1901-02. 

Stephens, C. E., D., 1928-33. 

Stevens, A. C., D., 1932-. 

*Stevens, J. Franklin, M., 1912-15; V-P., 1915-17. 

Stillwell, Lewis B., M., 1896-99; V-P., 1899-1901; 
P., 1909-10. 

{Stine, Wilbur M., V-P., 1896-98. 

Stokes, Stanley, V-P., 1932- . 


Stone, Chas. W., M., 1908-11; V-P., 1911-13. 

Stone, E. C., D., 1925-29; V-P., 1929-31. 

Storer, Norman W., M., 1911-14; V-P., 1914-16; 
1921-23. 

*Stott, Henry G., M., 1904-07; P., 1907-08. 

Sykes, Wilfred, M., 1917-21. 


Tapscott, R. H., D., 1930- . 

Taylor, John B., M., 1915-18; V-P., 1918-19. 

Terry, Chas. A., M., 1902-05; V-P., 1905-07. 

Tesla, Nikola, V-P., 1892-94. 

*Thomas, B. F., M., 1885-87. 

Thomas, Percy H., M., 1907-10; V-P., 1910-12. 

tThompson, Edward P., M., 1887-88. 

Thomson, Elihu, V-P., 1887-89; P., 1889-90. 

*Townley, Calvert, M., 1905-08; V-P., 1908-10 
P., 1919-20. 


_ Townsend, Henry C., M., 1899-02. 


*Trowbridge, Wm. P., M., 1884-86. 
*Upton, Francis R., V-P., 1889-90; M., 1890-92. 


*Vail, Theo. N., M., 1884-86. 
Vanderpoel, W. K., M., 1923-27. 
*Van Hoevenbergh, H., M., 1888-90. 
*Vansize, W. B., M., 1894-97. 


*Wallace, Wm., V-P., 1893-95. 

*Weaver, W. D., M., 1894-97; 1899-1902. 

}Webb, Herbert L., M., 1891-94; 1897-1900. 

Weston, Edward, M., 1884-87; P., 1888-89; V-P., 
1889-91. 

*Wetzler, Jos., M., 1888-90; V-P., 1890-2. 

*Wheeler, Schuyler S., M., 1887-90; V-P., 1890- 
91; 1902-04; M., 1904-05; P., 1905-06. 

White, Jas. G., M., 1904-07; V-P., 1907-09. 

Whitehead, John B., M., 1924-28; P., 1933-. 

*Williamson, R. B., M., 1921-25. 

Wilson, A. M., V-P., 1933- . 

*Wirt, Chas., M., 1892-95. 

*Wolcott, Townsend, M., 1902-05; V-P., 1905-07. 

Woodrow, H. R., D., 1931- . 


Abbreviations, P., President; 
National Secretary; Secy., Secretary; 
urer; Treas., Treasurer. 

* Deceased. + Non-members at present. 


List of Women Members of the A.I.E.E. 


Miss Edith Clarke 
(A’23-—M’33) 


Engineer, 


tady, N. Y. 


Miss Helen W. Hardy 
(A’26) 


Central 
Dept., General Electric Co., Schenec- 


Assistant to General Lighting Repre- 
sentative, Public Service Electric and 


Station Engg., 
(A’28) 


(A’24) 


Gas Co., 90 Park Pl., Newark, N. J. 


Miss Vivien Kellems 
(A’30) 
Miss Ruth Kern (A’833) 
Drexel Hill, Pa. 


Miss Deany C. LaZan Sales Engineer, 
(A’27) 


Cleveland, Ohio 


President, Kellems, 
100 Lafayette St., New York, N. Y. 


444 Kenwood Road, Drexel Park, 


Simplex Wire & 
Cable Co., 2019 Union Trust Bldg., 


Products, Inc., 


(A’22) 
(A’30) 


(A’27) 


Sections and Branches of the Institute 


HE GROWTH of membership in the 

Institute led, in 1893, to consideration 
of the desirability of holding meetings in 
some of the larger cities. Upon the recom- 
mendation of a committee appointed to 
study the matter, a plan was adopted in 
November 1893, providing for the holding 
of local meetings in any city upon petition 
of 20 members. Subsequently, monthly 
meetings were held in Chicago, usually on 
the same evenings as the meetings in 
New York, with the presentation of the 
same papers. 


May 1934 


Upon his election as president of the 
Institute in 1902, Charles F. Scott in- 
quired among some of the leading members 
as to what activities should have special 
emphasis. Secretary Pope urged the ex- 
tension of local meetings, a subject in which 
he long had retained keen interest, and ex- 
pressed the view that conditions were 
favorable for further developments. Others 
agreed upon this need, and certain state- 
ments regarding the very rapid develop- 
ments then occurring in the electrical in- 
dustries deeply impressed President Scott 
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V-P., Vice-President; 
Hon. Secy., Honorary Secretary; Nall. Treas., National Treas- 


Miss Mabel MacFerran 


Mrs. Zella A. McBerty 


Mrs. Paul McMichael 
Mrs. Roland R. Miner 


Miss Frances H. Pettee 


M., Manager; D., Director; Natl. Secy., 


Assistant Engineer, Metropolitan 
Water District of Southern California, 
306 West 8rd St., Los Angeles, Calif. 


Secretary and Treasurer, The Federal 
Machine and Welder Co., Dana 
Ave., Warren, Ohio 


Electrical Engineer, 530 E. 22nd St., 
Brooklyn, N. Y. 


820 North Pershing, Wichita, Kans. 


Sales Department, Simplex Wire and 
Cable Co., 79 Sidney St., Boston, 
Mass. 


with the need for better provisions for the 
training of young engineers who would be 
required in rapidly increasing numbers. 
Consequently, he presented to the board 
of directors, in September 1902, a report 
including, among other recommended de- 
velopments of the Institute, comprehensive 
proposals concerning the organization of 
local groups of members in the electrical 
centers and groups of engineering students 
in the universities and technical schools, in 
order to distribute as widely as possible the 
benefits of affiliation with the work of the 


Table I—Record of Institute Sections and Branches 


Year Sections Branches 

Ending No. of No. of Total No. of No. of Total 
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Institute. The board of directors promptly largest of the 4 societies, a distinction which 
approved the organization of such local it held until 1915. Steady increases in the 
groups, now known as Sections and numbers of Sections and Branches have 
Branches. continued during the period of 32 years, and 


The membership of the Institute on 
May 1, 1902, was 1,549, and it was the 
smallest of the 4 societies of civil, electrical, 
mechanical, and mining engineers. The 
numbers of sections and Branches increased 
rapidly after the fall of 1902, and the very 
rapid increase in membership brought the 
Institute to a total of more than 4,000 
less than 5 years later, and made it the 


the totals now are 61 and 113, respectively. 
In Table I is shown a record of the growth 
of Institute Sections and Branches, and in 
Table II is a record of total membership. 
The activities of these local groups have 
expanded rapidly, especially during the 
past few years. Further information may 
be found in the annual report on Section 
and Branch activities for the fiscal year 


International Engineering Congresses 


BOR to the Centennial Exposition in 
Philadelphia in 1876, the use of electricity 
had been practically limited to electroplat- 
ing and to various forms of signaling, of 
which the telegraph was the most important. 
Only 8 years later, in 1884, the prospects 
of very rapid further developments, espe- 
cially in electric lighting and electric railways, 
were such that the leaders ‘‘recognized the 
necessity of a society which should foster 
and encourage electrical applications in 
every useful art.” 

The American Institute of Electrical 
Engineers took its place among these new 
developments through a preliminary meet- 
ing held on April 15, 1884, as a result of the 
efforts of Dr. Nathaniel S. Keith, and an 
organization meeting on May 13, 1884. 

At the time of its organization, prepara- 
tions were in progress for an International 
Electrical Exhibition to be held in Phila- 
delphia under the auspices of the Franklin 
Institute. During the exhibition, a Na- 
tional Conference of Electricians was held 
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September 8-13, 1884, attended by about 
100 ‘‘electricians’” from Europe and 
America. 

The first meeting of the Institute was 
held October 7 and 8, in connection with the 
exhibition, and 11 papers were presented. 
Thus, the early life of the Institute was 
closely related to an international con- 
ference, and, in fact, it appears that the 
conference was ‘one of the principal in- 
fluences causing the Institute to be organ- 
ized in that year. 

During the next few years, the Institute 
developed its activities and soon became 
established as a strong engineering society. 
Much interest was shown in proper efforts 
to identify it with international work and 
thus to secure recognition of the important 
researches of Americans. 

The Institute appointed 5 delegates who 
attended a congress held in Paris in 1889, 
in connection with an international exposi- 
tion, and appointed a delegation of 5 mem- 
bers to attend the Frankfort International 
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Table 1l—Record of A.I.E.E. Membership 


Year Total Year Total 
Ending Member- Ending Member- 
May 1 ship May 1 ship 
1884.. 71 L910? a srrsrloterer 6,681 
WSO srremreccreerote ce 209 LOD rereieraustel aveveke Tea bey 
1886.. 250 1902. eateries 7,459 
eve areca, cao 5 314 TOUS reactance 7,654 
TSO erctinsieiets: s/t 333 TOU 4. oienisi ao iers 7,876 
TS9O rn tivenoeieae 427 1D Secs amas es 8,054 
USOM che: re vews: aes 541 WOLG eee cietes 8,212 
1802 cok cere 615 LOW? orcrrean eset 8,710 
VSO Stew ctereers 673 AGUS) iresnneieeere core 9,282 
VS94 viracteniaie enstiste 800 1919 Sc act prone 10,352 
89S reece eas 944 VOZO ee aeviese ase oie 11,345 
S06 eos arias se 1,035 TODD te Nectterien 13,215 
TBO sceu c esiea te 1,073 Oe sins ais eteustans 14,263 
VSOS sessment 1,098 1923 32 saatooree 15,298 
1899.. .1,133 1924. . 16,455 
T9OO; eerie te 1,183 O25 eco tran 17,319 
WOOL Societies 1,260 O26 Ns. arcmste coke 18,158 
O07 ences hon 1,549 O27: exes Notas 18,344 
1903 .s cckbine oavon 2,229 1023» cies hvers zs 18,265 
1904.28 ssn ase 3,027 LODO hice s cin aie 18,133 
WOO 5 ia crore pheverein 3,460 LOSO swan eke cunts 18,003 
1906 5 oie ceaansrans 3,870 1931 18,334 
LOOT we eae Ge 4,521 VOB 2 i see, sre rterenene 17,550 
LOOS Facia ciets Clery 5,674 1933. sim 7 OLS) 
1909 case's Sianele 6,400 VODA. siesta 15,200 


The number of members given in this table is that 
compiled from the membervship lists of May 1, of 
each year, except that no satisfactory list was 
available in 1888, which necessitated the use of the 
list of December 1, 1887. During the first few 
years the number of members carried on the rolls 
was greater than the number of active members. 
This situation was explained in the report of the 
secretary on May 18, 1886, and also in the report 
of May 17, 1887. (Trans. v. 3, p. 12; Bus. 
Proc. May 17, 1887, p. 2). At the time of the 
founding of the Institute many names were pro- 
posed as eligible for membership and were counted 
as members. Many of these did not respond to 
communications, and a circular was prepared re- 
questing that they definitely state their intentions. 
As a result of this, 70 names were dropped from the 
rolls. For this reason the membership given as 
279 in the report for May 19, 1885, has been re- 
duced to 209. 


ending April 30, 1933, which was published 
on pages 426-28 of the June 1933 issue of 
ELECTRICAL ENGINEERING. The report for 
the present fiscal year is scheduled to ap- 
pear in the June 1934 issue. 


Congress in 1891. 

Beginning in 1891, the Institute made 
extensive preparations for the International 
Electrical Congress held in Chicago, August 
21-25, 18938, in connection with the World’s 
Columbian Exposition. On June 24, 1893, 
appropriately furnished and decorated 
rooms, in the electricity building at the 
exposition, were opened by the Institute to 
receive visitors. The register showed a 
total “‘of 612 visitors, among whom were 
many of the most distinguished electricians 
of the day.” 

The above will suffice to show the em- 
phasis placed upon the international con- 
gresses during the first 20 years of the In- 
stitute’s life. Since then, with the con- 
stantly expanding scope and increasing im- 
portance of international relations among 
engineers and scientists, the Institute and 
many of its leading members have partici- 
pated in numerous international confer- 
ences, some of the more important being 
listed as follows: 
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Anternational Electrical Congress, St. Louis, Mo., 
Sept. 12-17, 1904. 

International Electrical Congress, 
Sept. 1911. 

International Electrical Congress, San Francisco, 
Calif., Sept. 20-25, 1915. 

International Engineering Congress, Rio de 
Janeiro, Brazil, Sept. 7-30, 1922. 

World Power Conference, London, 
June 30—July 12, 1924. 

World Engineering Congress, Tokyo, Japan, Oct. 
28-Nov. 7, 1929. 

International Electrical Congress, Paris, France, 
July 4-12, 1932. 


Turin, Italy, 


England, 


The A.I.E.E. 


in Standardization 


HE FIRST Institute committee to have 

anything to do with standardization came 
into being in 1889 “‘to formulate and sub- 
mit for approval a standard wiring table.” 
It was not, however, until 1898 that the 
first standardization committee, dealing 
with standards for electrical machinery and 
apparatus, was appointed. This committee 
decided to devote its efforts to the stand- 
ards of performance, leaving matters of con- 
struction, dimensions, and design to the 
manufacturer. The wisdom of that early 
established policy is proved by the fact 
that almost without exception it has been 
adhered to with unqualified success down 
to the present day. 

Out of the chaos that first committee 
faced there grew a recognized procedure 
for setting up apparatus standards through 
which all interested parties were given 
representation on A.I.E.E. standards mak- 
ing subcommittees. A series of nationally 
recognized electrical standards developed 
thus, devoted almost entirely to a definition 
of the terms and conditions which charac- 
terize the rating and behavior of electrical 
machinery and apparatus. 

With the tremendous growth of the elec- 
trical industry in the United States, other 
organizations, professional and trade, sprang 
into being. They had a considerable in- 
terest in electrical standardization. Other 
standards were developed, sometimes over- 
lapping. There was much duplication of 
work. Finally, it became evident that 
continued progress depended upon the 
formation of a central body on which all 
could have duly accredited representatives. 
From a plan promulgated within the 
A.I.E.E. standards committee, but in col- 
laboration with the national societies of 
civil, mining, and mechanical engineers, 
there was eventually established the Amer- 
ican Engineering Standards Committee, or 
as it is now known, the American Stand- 
ards Association. 

The Institute today still maintains its 
standardizing machinery, while codperating 
to the fullest extent with the A.S.A. in the 
formulation of American standards. It is, 
however, acting largely as the originator of 
new standards, for through the discussions 
in the Institute technical committees the 
needs of the industry early became evident. 
The technical committees have therefore 
largely taken over the work formerly carried 
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on by the subcommittees of the standards 
committee. The results of the technical 
committees standards activities all clear 
through the standards committee, which 
decides on final disposition. It also, from 
time to time, suggests fields of activity to the 
technical committee properly concerned. 
As Institute standards, either existing or 
new, reach a status seeming to warrant 
approval as American standards they are 
submitted to A.S.A. for action. At the 
present time over 20 former A.I.E.E. 
standards have received such recognition. 

Probably at the present time the 2 
projects of greatest moment to the entire 
electrical field developing under A.I.E.E. 
auspices are the series of test codes for 
electrical machinery and apparatus, and 
the proposed American standards for elec- 
trical definitions. 

The test codes, of which 2 are available, 
as reports, meet a long felt need in that they 
provide in convenient form the more 
generally applicable and accepted methods 
of conducting and reporting tests of a com- 
mercial nature, which apply to the fulfill- 
ment of performance guarantees and to ac- 
ceptance tests. 

The glossary of electrical terms, the first 
report of which was issued in August 1932, 
will eventually contain over 5,000 defini- 
tions. Over 300 men have been at work on 
this proposition. 

The Institute has also taken a leading 
part in international standardization. In 
1904, when the international standardiza- 
tion call came, it was headed by the 
A.I.E.E., and, as a result, the Institute 
served for many years as the godfather 
of the United States National Committee 
of the International Electrotechnical Com- 
mission. While the difficulties have been 
great in international standardization there 
is now at least a language of common un- 
derstanding in the various large industrial 
nations. This activity has now passed to 
the auspices of the A.S.A. 

Such is the story in abstract of the 
A.I.E.E. in standardization. 


Engineering 
Societies Library 


EROUCH exchange lists established after 
the monthly publication of the A.I.E.E. 
PROCEEDINGS was begun in 1888, the In- 
stitute gradually accumulated valuable files 
of periodicals. In 1900, the first definite 
appropriation was made for the binding 
of periodicals and the erection of shelving. 

Important new and old electrical and 
scientific books were contributed to the 
Institute from time to time singly and in 
sets, and, in 1901, Dr. Schuyler Skaats 
Wheeler presented the Latimer-Clark col- 
lection of books, pamphlets, and manu- 
scripts, including about 7,000 titles. An- 
drew Carnegie presented cash equivalent 
of the Wheeler gift to be used in the prepa- 
ration of a catalog of the Latimer-Clark 
collection. 

The other national engineering societies 
had likewise built up libraries for the 
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use of their members, and in 1913, the 
libraries of the societies of mechanical, 
mining, and electrical engineers were com- 
bined to form a free public engineering 
library to be known as the Engineering 
Societies Library. The library of the 
American Society of Civil Engineers was 
added in 1916, and a composite card catalog 
of the entire library was prepared during 
succeeding years. 

With its large collection of books and 
periodicals on engineering and scientific 
subjects, its complete card index, and its 
well-trained staff, this library is prepared 
to serve effectively in practically the entire 
engineering field, and is one of the most im- 
portant joint activities of the 4 societies. 

Important new books are added promptly, 
and subscriptions and exchange arrange- 
ments bring to the library all of the more 
important technical periodicals published 
in all parts of the world. 

The library operates a service bureau and 
a book lending plan which enable members 
of the societies located anywhere to make 
use of its facilities by mail. 


The Engineering 
Foundation 


NGINEERING FOUNDATION was es- 

tablished in 1914 by the 4 national so- 
cieties of civil, mining and metallurgical, 
mechanical, and electrical engineers ‘‘for 
the furtherance of research in science and 
in engineering, or for the advancement in 
any other manner of the profession of 
engineering and the good of mankind.” It 
was conceived by Ambrose Swasey, of 
Cleveland, Ohio, and toward its endowment 
he has made gifts intended as the nucleus 
of a “community trust” for engineers, to 
be contributed by many donors. 

The Engineering Foundation Board has 
12 members, 2 representatives of each 
founder society, 3 members-at-large chosen 
by the board of trustees, and the president 
of the United Engineering’ Trustees, Inc., 
ex-officio. This board has discretionary 
power in disposition of income from the 
Engineering Foundation Fund and other 
sources, but responsibility for administra- 
tion of principal lies with the Board of 
Trustees. 

The Engineering Foundation enjoys the 
coéperation of engineering societies, Na- 
tional Research Council, technical bureaus 
of the Government, universities, scientific 
associations, industries, bankers, and in- 
dividual engineers. | Foundation’s endow- 
ment aggregates $880,000. The services, 
facilities, and materials given in addition 
have been estimated at $2,000,000. In 
the 20 years of its existence, it has aided 
in establishing National Research Council 
and has codéperated in researches in arch 
dams, steel columns, earths and founda- 
tions, blast furnace slags, properties of 
steam, lubrication of machinery, strength 
of gears, fundamentals of dielectrics, electric 
welding, and pure iron electrodes. It has 
worked through assistance rendered to the 
Society for the Promotion of Engineering 
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Education toward the betterment of engi- 
neering education and under its auspices 


Origin and Adoption 
of the Institute’s Badge 


ee HISTORY of the development of 
the present badge of the Institute con- 
tains several items of interest, reflecting 
ideas and personalities of some 40 years ago. 
The fundamental form of the present badge 
‘dates back to 1897, when the original form, 
adopted in 1893, was superseded. 

The first public mention of a badge ap- 
pears to be in the report of the October 21, 
1890, meeting of the council of the A.I.E.E. 
On that date the council ‘‘on motion 
of Dr. Schuyler Skaats Wheeler, voted 
that the secretary be instructed to secure 
a design for a badge and present the same 
to the council.” 

December 16, 1890, on motion of Doctor 
Wheeler, it was voted ‘‘that the design 
for a badge be laid upon the table.” At 
a meeting on October 27, 1891, a letter 
was read from F. L. Woodward, enclosing 
a sample of a society pin. On motion of 
W. J. Hammer (Mr. Hammer’s obituary 
item appears in the news section of this 
issue) it was voted that ‘‘the letter and 
sample be referred to the committee on 
certificate of membership, and that members 
generally be invited to contribute competi- 
tive designs.’?’ On October 27, 1891, the 
committee (Messrs. Herzog, Bell, and 
Foster) asked for advice, and was con- 
tinued with the understanding that further 
designs should be secured. On February 
16, 1892, Doctor Bell of the committee, 
submitted several designs which were ex- 
amined. On motion of Professor Compton it 
was voted that the committee be instructed 


The official badge of the Institute during the 
period 1893-97. This badge was about 
15 /,sths of an inch high 


to prepare new designs embodying as 
principal features the kite and the electro- 
magnet, with the initials of the Institute 
if there were sufficient space. Progress 
reports of the committee were presented 
at various council meetings, until, at a 
meeting of February 21, 1893, ‘‘on motion 
of Professor Compton, it was voted that 
the design for a badge presented by the 
committee be accepted and that the de- 
sign be adopted as the badge of the Insti- 
tute. It was also voted that the design 
of the badge be placed upon the certificate 


838 


-of Franklin’s kite, 


there have been conducted 10 courses for 
disengaged engineers. 


and the literature and stationery of the 
Institute.” 


DESIGN OF 
THE ORIGINAL BADGE 


This original badge appeared on the 
front cover of the monthly TRANSACTIONS 
of the Institute from August 1893 to April 
1897, and was worn by the members during 
those years. The badge, shown in the ac- 
companying reproduction, was of white 
enamel, the lettering and front portions 
of 18-karat gold, and the backing of 14- 
karat gold. The design was in the form 
which demonstrated 
the identity between lightning and elec- 
tricity, and was a recognition of America’s 
first ‘‘electrician’’ and philosopher, Benja- 
min Franklin. The arms or border of the 
kite formed a diagrammatic representation 
of the wheatstone bridge. In the center 
was a tiny galvanometer, representing mag- 
netism and induction. The galvanometer 
contained a blued steel needle, over which 
was a small disc of amber. The amber 
represents the first conception of electricity, 
dating back to 600 years B.C., when 
Thales, the Greek philosopher, recorded 
the fact that amber, when rubbed, attracted 
light particles to it; and the Greeks wor- 
shipped it, believing the Gods had endowed 
it with life and that it possessed a soul. 
Amber also represents the derivation of 
the word electricity, as Doctor Gilbert, 
court physician to Queen Elizabeth and in 
the year 1600 A.D., coined the word elec- 
tricity from the Greek word for amber, 
which is elektron. 

Above the galvanometer were the letters 
A.LE.E., the initials of the Institute; 


and below the galvanometer CHE, repre- 


senting Ohm’s law. 


New BapGE 
ADOPTED IN 1897 


This badge apparently was not consid- 
ered entirely satisfactory, and at a meeting 
of the council, Noveniber 20, 1895, a pe- 
tition signed by 20 members was read, ask- 
ing that steps be taken to secure a better 
design. A committee was appointed, con- 
sisting of W. J. Hammer, W. D. Weaver, 
M. I. Pupin, W. A. Anthony, and S. S. 
Wheeler, which made a final report March 
24, 1897, “with designs and a sample” 
which was referred to the annual meeting 
for consideration. The report of the an- 
nual business meeting of May 18, 1897, 
included “at the conclusion of the dis- 
cussion. . . the matter of the design re- 
ported by the committee was adopted.” 
This emblem, essentially unchanged since 
1897, has held and continues to hold a 
prominent place in Institute publication. 
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It first appeared on the cover of the monthly 
Transactions for May 1897, and, with 
only slightly changed proportions, now 
appears on the cover of each issue of 
ELECTRICAL ENGINEERING. 

In a letter dated October 20, 1914, Dr. 
S. S. Wheeler, who was chairman of the 
above-mentioned committee on design of 
the present badge, stated that the design. 
was chosen “after considerable thought, 
as a symbol of the broadest principle that 
could be found underlying our profession. 
Electricity always surrounds magnetism 
and magnetism always surrounds elec- 
tricity and each forms a closed circuit; 
therefore the relation between them is 
always that of 2 closed links which pass 
through each other, and this holds true 
of course in every application of electricity 
or magnetism.” 


FORM OF 
THE PRESENT BADGE 


Several variations on the fundamental 
form of the present badge, shown in the il- 
lustration, are used to indicate different 
grades of membership. Except for the 
Student badge, which is of somewhat dif- 
ferent design, the different forms are de- 
termined by the color and placing of the 
enamel. The Associate badge has an 
enameled background of maroon, with 
letters and border in gold. The badge for 
Members is similar except that the back 
ground is enameled in blue, while the badge 
for Fellows is the reverse in color of that 
provided for Members. On the badge for 
Students, the 2 circles surrounding the 
letters “E.E.” are not used, and a large 
letter “‘S’’ extends from top to bottom of 
the badge, almost circling the “A” and 
“T”; the enamel background is black with 
gold letters and border. 

There are several special badges, the 
form of which is similar to that for Associ- 


The fundamental form of badge adopted by the 

Institute in 1897 and used, with only minor 

changes in proportion, continuously since 

then. The badge is of gold and with different 

colors of enamel used to indicate the grade of 
membership 


ates, Members, and Fellows. The badge 
for Presidents has blue letters and blue 
circles on a gold background, with a white 
line just inside the gold border. The badge 
for Honorary Members has a white enamel 
background, with gold letters and border. 
The special badge to be presented the 6 
living charter members at the Institute’s 
summer convention this June, has a gold 
background, with blue letters and white 
circles, and a blue line extending around 
the badge just inside the gold border. 
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Some Contrasts 


in Power System 


Switchboards 


Office of the load dispatcher in 
‘ Oakland, Calif., as it appeared in 
1907 (right) and (below) as it is today 


(Pacific Gas and Elec. Co. photo) 


(Above) When a switchboard was really 
a board with switches on it—a type of 
construction used 40 years ago 
(Westinghouse photo) 


(Below) One of the early switchboards 
using marble instead of wood. Note 
the heavy baffle boards between switches 
(General Electric photo) 


(Above) The original switchboard of 

Mill Creek No. 1 (Calif.) hydroelec- 

tric station. It was replaced by the 
one seen in the rear 

(Southern Calif. Edison Co. photo) 


(Right) Supervisory control room for 
the entire power distribution system 
of the Cincinnati Street Railway Com- 
pany. This system has a total capac- 
ity of 33,500 kw in rotary converters 
distributed among 20 automatic sub- 
stations, for which constant supervision 
is provided 
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May 1934 


News 


Of lnstitute pea | Related Activities 


The Institute's 


50th Annual Summer Convention 


1 fee ANNUAL summer convention this 
year marks the fiftieth meeting of its kind 
in the history of the Institute. On this 
occasion and in commemoration of the fiftieth 
anniversary of the Institute’s organization, 
the committee has arranged for special 
addresses by Dr. W. E. Wickenden and Dr. 
William McClellan on educational and pro- 
fessional aspects of interest to electrical 
engineers, which will be given at the opening 
meeting. The committee also is using every 
endeavor to have present all officers of the 
Institute, all living past-presidents, and 
all living charter members, as well as a 
goodly representation of engineers from all 
sections. The convention will be held at 
Hot Springs, Va., June 25-29, 1934, with 
headquarters in The Homestead. Make 
your plans now to attend the fiftieth anni- 
versary reunion of electrical engineers in 
this most attractive setting. 

In addition to the fiftieth anniversary 
celebration, the 1934 summer convention 
committee has arranged an excellent sched- 
ule of events. The annual business meet- 
ing and the technical sessions will be held 
during the mornings, while the afternoons, 
with the exception of Monday and Tuesday 
afternoons on which the conference of 
officers, delegates, and members will take 
place, have been kept free for sports and 
other recreation. In the evenings, the 
president’s reception, a get-together ban- 
quet with entertainment, and the conven- 
tion banquet will be held and followed by 
dancing. These features and the program 
are given in the following columns as well 
as other pertinent information relative to 
hotel arrangements and reduced railroad 
rates. 


TECHNICAL SESSIONS 


The technical program includes 7 sessions: 
education, electrical machinery, communi- 
cation, insulators, automatic stations, power 
generation, and instruments and measure- 
ments. The session on education and the 
activities of the Engineers’ Council for 
Professional Development will be of broad 
general interest. The sessions on electrical 
machinery and communication will be 
more or less highly specialized and treat 
some of the latest developments in these 
phases of the art. The session on insulators 
is well rounded from the user’s point of 
view as well as the manufacturer’s. The 
subcommittee on lightning and insulators 
will present data on the flashover values of 
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suspension insulators, and another paper 
will deal with the selection, life performance, 
and deterioration of insulators. Several 
papers by insulator manufacturers will 
present some of the latest developments 
in research and design of this product, as 
well as its radio influence characteristics. 
The automatic stations session will treat 
some of the latest developments in methods 
of load totalizing, voltage regulation, super- 
visory control, and automatic synchronizing. 
All who are interested in central stations 
and hydroelectric generation should find 
the power generation session of unusual 
interest. In addition, the final session on 
instruments and measurements will bring 
out some new and valuable data on sphere 
gap calibrations. 


ENTERTAINMENT FEATURES 


The president’s reception, a get-together 
banquet with entertainment, and the con- 
vention banquet will be held on Monday, 
Tuesday, and Wednesday evenings, re- 
spectively. All these delightful social fea- 


tures will be followed by dancing. In addi- 
tion, for the ladies there will be a drive to 
the Hotel Greenbrier, White Sulphur 
Springs, W. Va., where tea will be served. 
Facilities for bridge also will be arranged 
as desired. If there is sufficient registra- 
tion a tournament will be arranged with 
prizes for the winners and runners-up. 

For all persons registered at The Home- 
stead or its Cottages an entertainment fee 
of $5 will be collected at time of registra- 
tion. For all persons registered at Cas- 
cades Inn or elsewhere an entertainment 
fee of $10 will be charged. These fees will 
be devoted to the expenses involved in 
carrying out the plans of the general con- 
vention committee. 


SPORTS 


Excellent facilities are available for golf, 
tennis, skeet, and horseback riding at Hot 
Springs and its environs. 


Golf: Three excellent golf links are avail- 
able and the usual competition for the 
Mershon and Lee golf trophies will be held. 
The Mershon trophy is competed for on a 
match play handicap basis. The qualify- 
ing round for the Mershon trophy must be 
played on Monday, June 25. The second 
round, best 16, match play, will be played 
on Tuesday afternoon, followed by the 
third round on Wednesday afternoon, 
with the semi-finai and final rounds played 
on Thursday morning and afternoon. 


The Homestead, Hot Springs, Va., scene of the Institute's 50th annual summer convention, 
to be held June 25-29, 1934 
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The Lee trophy is awarded annually for the 
lowest net score for 36 holes, of which the 
first 18 may be the qualifying round and 
the other 18 must be played not later than 
Thursday afternoon. Inaddition, a putting 
contest, 18 holes, for the ladies will be held 
on Tuesday morning. Prizes for the 
winners and runners-up will be awarded in 
the above contests. 


Tennis: Courts equipped for champion- 
ship play are available at The Homestead. 
The first contests in men’s singles for the 
Mershon Tennis Trophy competition will 
start on Monday, June 25. The second 
round will be played on Tuesday afternoon 
and the semi-final and final rounds will be 
played on Wednesday and Thursday after- 
noons, respectively. Contests in men’s 
doubles, ladies’ singles, and mixed doubles 
_ also will be arranged if there should be a 
sufficient registration for them. Prizes 
for the winners and runners-up will be 
awarded in the above contests. 


Skeet: The Homestead operates a well- 
equipped skeet range, and this popular 
form of trap shooting may appeal to some 
members. If a sufficient number should 
register, a tournament will be arranged. 
A limited number of guns are available for 
rental; probably participants will desire 
to bring their own favorite guns for this 
sport. Fees are $1.25 for 25 birds; these 
include pigeons, shells, pull boys, and trap 
boys; also transportation to the shooting 
grounds from the hotel. 


Horseback Riding: Hot Springs is sur- 
rounded by many lovely trails, and The 
Homestead maintains a fine stable of riding 
horses. 

The prizes for the various sports will be 
presented at luncheon on Friday, June 29. 


REDUCED RAILROAD RATES 


Fare and one-third for the round trip 
over the same route will be available to 
members and guests, provided 100 certifi- 
cates (or 100 combinations of certificates 
and round-trip rail tickets with limiting 
dates from points from which the one-way 
fare is $2 or more) are validated at the 
registration desk. Consult your local ticket 
agent regarding the dates and territories 
to which this arrangement applies. Obtain 
your certificate authorized by the rail- 
road passenger associations. 


HorTeLt RATES AND ACCOMMODATIONS 


All rates, shown in Table I, are on the 
American plan and they, also, will be in 


effect a few days before and after the: 


convention for any who may wish to make 
a longer stay at Hot Springs. 


Table I—Hotel Rates, American Plan 


Rate 
per day 
per person 
The Homestead 
Single room—private bath........... $9.00 
Double room—private bath—twin beds .00 
Combinations—double room and single 
room, with bath between, or 2 double 
rooms with bath between.......... 
Cottages (meals at The Homestead)... 


The Cascades Inn 


(21/2 miles from The Homestead, free 
transporation to and from The 
Homestead, meals at The Cascades 


oo 


- 50 
.00 
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Members should make their reservations 
by writing directly to the hotel of their 
preference. For those stopping at places 
other than The Homestead and its Cottages, 
an extra charge will be made for the get- 
together dinner and the banquet. This 
extra charge is the occasion for 2 different 
entertainment fees listed under entertain- 
ment. 

All baggage should be tagged with the 
owner’s name before arrival, to facilitate 
prompt service. For this purpose, The 
Homestead will supply tags with the ac- 
knowledgment ofeach reservation. In case 
these tags are lost or mislaid, an additional 


The Cascades Inn and Golf Course at Hot 
Springs, Va., 2'/2 miles from the Homestead 


supply may be secured on the train between 
Covington, Va., and Hot Springs, so that 
all baggage, including golf bags, guns, etc., 
may be properly tagged. Your careful 
attention to this detail will avoid delay and 
greatly facilitate the handling of baggage. 
Free transportation from trains to the hotels 
will be supplied with no charge for hand 
baggage. _ Heavier baggage checked and 
requiring the service of the baggage van will 
be transported from the train at 50 cents 
a trip, or $1 for arrival and departure. 


REGISTER IN ADVANCE 


Fill in and post promptly the mail regis- 
tration card, which will be sent to members 
in nearby Districts. This will permit the 
committee to have badges ready and pre- 
vent congestion at the registration desk 
upon arrival. There will be a registra- 
tion fee of $2.50 for nonmembers with the 
exception of Enrolled Students of the 
Institute, and the immediate families of 
members. This fee is in addition to the 
entertainment fee charged to all in atten- 
dance. 

Reservations for hotel accommodations 
should be made by writing directly to the 
hotel preferred. 
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Notice of 
Annual Meeting 


The annual meeting of the Ameri- 
can Institute of Electrical Engi- 
neers will be held in The Homestead, 
Hot Springs, Va., at 10 a.m. on 
Monday, June 25, 1934. This will 
constitute one session of the annual 
summer convention which is to be 
held this year in Hot Springs, June 
25-29. 

At this meeting the annual report 
of the board of directors and the re- 
port of the committee of tellers 
concerning the ballots cast for the 
recent election of officers will be pre- 
sented. 

Such other business, if any, as 
properly may come before the an- 
nual business meeting may be con- 
sidered. 


(Signed) 


H. H. HENLINE 
National Secretary 


SCHEDULE OF EVENTS 


A summarized schedule of events follows: 
Time given is Eastern Standard Time. 
Capital letters A, B, etc., denote technical 
sessions. 


Monday, June 25 


9:00 a.m.—Registration 


10:00 a.m.—Annual business and fiftieth anniver- 
sary meeting 
Annual report of board of directors 
(in abstract), H. H. Henline, 
national secretary 
Report of tellers’ committee on. elec- 
tion of officers; introduction of and 
response from president-elect 
Presentation of prizes for papers 
Presentation of the Lamme Medal to 
Dr. Lewis B. Stillwell 
Addresses: Dr. W. E. Wickenden, 
president, Case School of Applied 
Science 
Dr. William McClellan, past-presi- 
dent, A.I.E.E. 
Dr. John B. Whitehead, president, 


A.LE.E. 
2:00 p.m.—Conference of Officers, Delegates, and 
Members 
Golf—Qualifying round for Mershon 
Trophy 
Tennis—Men’s singles for Mershon 
trophy ; 


9:00 p.m.—President’s reception—dancing 


Tuesday, June 26 


9:00 a.m.—Registration 


9:30 a.m.—(A) Education 
Morning—Putting contest for ladies 


2:00 p.m.—Conference of Officers, Delegates, and 
Members (continued) 
Golf—Second round, match 
Mershon trophy 
Tennis—Second 
Trophy 


play— 


round—Mershon 


7:00 p.m.—Get-together banquet—entertainment, 
dancing 


Wednesday, June 27 


9:30 a.m.—(B) Electrical machinery 

(C) Communication 

Directors’ luncheon and meeting 
Golf 
Tennis 


12:00 p.m 
2:00 p.m Third round 


Semi-finals 


~Mershon trophy 
Mershon trophy 
dancing 


7:00 p.m.—Convention banquet 
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Thursday, June 28 


9:30 a.m.—(D) Insulators 
(E) Automatic stations 
Morning—Golf—Semi-finals—Mershon trophy 
2:00 p.m.—Golf and tennis finals 
Afternoon—Drive for ladies to White Sulphur 
Springs, with tea at Hotel Green- 
brier 


Friday, June 29 


9:30 a.m.—(F) Power generation 
(G) Instruments and measurements 


12:30 p.m.—Award of sports prizes at luncheon 


Technical Program 


Several papers on the program have been 
published in ELecCTRICAL ENGINEERING, 
April 1934 issue. The remainder are 
scheduled for inclusion in the June issue. 
Pamphlet copies of these papers will not be 
available, and members should take these 
issues with them to the convention. 


Tuesday, June 26 
9:30 a.m.—(A) Education, L. A. Doggett, chairman 


ENCOURAGEMENT OF INITIATIVE IN THE ENGI- 
NEERING STUDENT, C. L. Dawes, Harvard Uni- 
versity. 

INDUSTRY DEMANDS AND ENGINEERING EpDUCA- 
Tion, L. W. W. Morrow, McGraw-Hill Publishing 
Co. 

THE Next GENERATION OF ENGINEERS, C. F. 
Hirshfeld, The Detroit Edison Co. 


Wednesday, June 27 


9:30 a.m.—(B) Electrical Machinery, S. L. Hender- 
son, chairman 


VoLTAGE CONTROL OF VAPOR RECTIFIERS, D. 
Journeaux, Allis-Chalmers Mfg. Co. 

RECTIFIER AND INVERTER CHARACTERISTICS OF 
THE GRID CONTROLLED MeErRCuRY ARC RECTIFIER, 
C. C. Herskind, General Electric Co. 

INSULATION RESISTANCE OF ARMATURE WIND- 
InGS, R. W. Wieseman, General Electric Co. 

SpLtir WINDING TRANSFORMERS, D. D. Chase 
and A. N. Garin, General Electric Co. 

Factors INFLUENCING THE INSULATION Co- 
ORDINATION OF TRANSFORMERS—II, P. L. Bellaschi 
and F. J. Vogel, Westinghouse Electric & Mfg. 
Co. 


9:30 a.m.—(C) Communication, 
chairman 


F. M. Craft, 


TRON SHIELDING FOR TELEPHONE CABLES, H. R. 
Moore, American Telephone & Telegraph Co. 

A Stupy or IRON-ARMORED CABLE AS A REME- 
DIAL MEASURE FOR COMMUNICATION CIRCUITS IN 
A SEVERE INDUCTIVE ExposuRE, C. L. Gilkeson, 
Edison Electric Institute, and A. J. Hanks, Western 
Union Telegraph Co. 

RECENT DEVELOPMENTS IN POWER Linge Car- 
RIER, T. Johnson, Jr., General Electric Co. 

Tue ComMpaANpDoR—AN AID AGAINST STATIC IN 
RADIO TELEPHONY, R. C. Mathes, Bell Telephone 
Laboratories, and S. B. Wright, American Tele- 
phone & Telegraph Co. 


Thursday, June 28 


9:30 a.m.—(D) Insulators, 
chairman 


D. M. Simmons 


FLASHOVER VALUES OF SUSPENSION INSULA- 
TORS AND Gaps, Subcommittee on Lightning and 
Insulators. 

SELECTION, LIFE PERFORMANCE, AND DB&TERIO- 
RATION OF INSULATORS, Philip Sporn, E. L. Peter- 
son, and V. A. Mulford, American Gas and Electric 
‘Co; 

HicH VOLTAGE INSULATORS—RESEARCH, DeE- 
SIGN, MANUFACTURE, W. A. Smith and J. T. 
Lusignan, Jr., Ohio Brass Co. 

THE SUSPENSION INSULATOR, 
Locke Insulator Corp. 


K. A. Hawley, 


844 


Future AIEE Meetings 


North Eastern District meeting, 
Worcester, Mass., May 16-18, 1934 


Summer convention, 
Hot Springs, Va., June 25-29, 1934 


Pacific Coast convention, 
Salt Lake City, Utah, Sept. 3-7, 1934 


Rapio INFLUENCE CHARACTERISTICS OF INSULA- 
Tors, G. I. Gilchrest, Westinghouse Electric & 
Mfg. Co 

RECENT DEVELOPMENT IN SUSPENSION INSULA- 
tors, G. M. Barrow, Westinghouse Electric & Mfg. 
Co. 

A New Porce_aIn' Post INSULATOR FOR 
TRANSMISSION LINES, G. W. Lapp, Lapp Insulator, 
Inc. 


9:30 a.m.—(E) Automatic Stations, D. W. Taylor, 
chairman 


Loap TOTALIZING IN THE NEw YorK METRO- 
POLITAN ARBA, F. Zogbaum, The New York Edison 
Co. 

ELECTRONIC TYPE VOLTAGE REGULATORS FOR 
A-C GENERATORS, F. H. Gulliksen, Westinghouse 
Electric & Mfg. Co. 

New DEVELOPMENTS IN THE DIRECT SELECTION 
SYSTEM OF SUPERVISORY CONTROL, M. E. Reagan, 
Westinghouse Electric & Mfg. Co. 

DEVELOPMENTS IN AUTOMATIC SYNCHRONIZ- 
ING, H. T. Seeley, General Electric Co. 


Friday, June 29 


9:30 a.m.—(F) Power Generation, H. W. Leitch, 
chairman 


HYDROELECTRIC SURVEY—ParRT I, Subcom- 
mittee on Hydroelectric Survey, A. V. Karpov, 
chairman. 

New York GENERATING SysteM AIDS Net- 
WORK OPERATION, H. C. Forbes and H. R. Searing, 
The New York Edison Co. 

INDUCTIVE HEATING AND SPACE LIMITATION 
PROBLEMS SOLVED IN DegsIGN oF 7,000-AmpPp Bus, 
H. L. Unland and V. R. Bacon, United Engineers 
& Constructors, Inc., and W. B. Morton, Phila- 
delphia Electric Co. 


9:30 a.m.—(G) Instruments and Measurements, 
W. B. Kouwenhoven, chairman 


Cross CuRRENT OF A 5-ARM Network, A. C. 
Seletzky and J. R. Anderson, Case School of 
Applied Science. 

THEORY AND PERFORMANCE OF SELSYN INSTRU- 
MENTS, T. M. Linville and J. S. Woodward, General 
Electric Co. 

A New CurRENT TELEMETER WITH PiLot CoiL 
TRANSMITTER, L. J. Lunas and H. L. Bernarde, 
Westinghouse Electric & Mfg. Co. 

SPHERE Gap CALIBRATIONS, 
General Electric Co. 


J. R. Meador, 


RULES ON PRESENTING 
AND DISCUSSING PAPERS 


At some of the technical sessions, papers 
will be presented only by title. This will 
permit the devotion of more time to dis- 
cussion. At other sessions, papers will be 
presented in abstract, 10 min being allowed 
for each paper unless otherwise arranged, 
or the presiding officer meets with the 
authors preceding the session to arrange the 
order of presentation and allotment of time 
for papers and discussion. Authors will 
be notified officially in each case about one 
month in advance. 
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Any member is free to discuss any paper 
when the meeting is thrown open for general 
discussion. Usually 5 min are allowed to. 
each discusser for the discussion of a single 


_paper or of several papers on the same 


general subject. When a member signifies. 
his desire to discuss several papers not 
dealing with the same general subject, he 
may be permitted to have a somewhat longer 
time. 

It is preferable that a member who: 
wishes to discuss a paper give his name in 
advance to the presiding officer of the session 
at which the paper is to be presented. 
Each discusser is to step to the front of the 
room and announce, so that all may hear, 
his name and professional affiliations. 
Three typewritten copies of discussion pre- 
pared in advance should be left with the 
presiding officer. 

Other discussion to be considered for 
publication should be typewritten and sub- 
mitted in triplicate to C. S. Rich, secretary 
of the technical program committee, 
A.I.E.E. headquarters, 33 West 39th St..,. 
New York, N. Y., on or before July 13,. 
1934. 


COMMITTEES 


The general convention committee for 
the 1934 summer convention consists of the 
following members: W. S. Rodman, chatr- 
man; C. A. Robinson, vice-chairman; R. C. 
Bailey, secretary; and E. P. Coles, R. N. 
Conwell, F. M. Craft, S. A. Flemister, J. 
T. Graff, E. L. Lockwood, W. R. McCann, 
and I. M. Stein. The chairmen of the 
various subcommittees working with the 
general convention committee are as follows: 
entertainment, C. A. Robinson; registration 
and hotels, E. L. Lockwood; finance, E. 
P. Coles; technical sessions, R. N. Conwell; 
and sports, J. T. Graff. 


District Meeting at 
Worcester, May 16-18 


The tenth annual meeting of the Insti- 
tute’s North Eastern District will be held 
at Worcester, Mass., May 16-18, 1934, 
with headquarters at the Bancroft Hotel. 
The technical sessions will be held at the 
Bancroft Hotel and in the lecture rooms 
of the Worcester Polytechnic Institute. 

The program of the Worcester District 
Meeting was announced in ELECTRICAL 
ENGINEERING for April 1934, p. 627-9. 
Since the time of publication of this pro- 
gram in the April issue, the paper by Hutch- 
ins and Livington has been replaced by 
“The Behavior of Distance Relays During 
System Oscillations,’ by E. H. Bancker 
and E. M. Hunter, of the General Electric 
Company. This paper has not previously 
been published in ELEcTRIcAL ENGINEER- 
ING. 

The session on selected subjects will be 
presided over by Prof. T. H. Morgan, in- 
stead of by T. A. Worcester. 

The report of the Worcester Meeting is 
scheduled for the June issue of ELECTRICAL 
ENGINEERING and the discussion of the 
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papers will be published as soon as they 
are made available. To be considered for 
publication, discussions should be type- 
written and submitted in triplicate to C. S. 
Rich, secretary of the technical program 


committee, A.I.E.E. headquarters, 33 West 
39th Street, New York, N. Y., on or before 
June 1, 1934. 

All meetings at Worcester are scheduled 
to start on daylight saving time. 


“Science Makes More Jobs” 
the Topic of an Interesting Meeting 


Ar A meeting held in New York, N. Y., 
February 22, 1934, under the codperative 
action of the New York Electrical Society, 
the American Institute of Physics, and the 
New York Museum of Science and Indus- 
try, a group of addresses was delivered which 
were devoted to showing how ‘‘Science 
Makes More Jobs.’’ These addresses, de- 
livered in an attempt to combat charges 
recently brought by individuals not ac- 
quainted with all the facts, were presented 
by prominent educators and industrial 
leaders. Excerpts from 3 of these addresses 
are presented herewith. 


ADDRESS OF 
Doctor Kari T. Compton 


Sections of the address given by Dr. Karl 
T. Compton (F’31), president, Massachu- 
setts Institute of Technology, Cambridge, 
chairman of the American Institute of Phys- 
ics, and chairman of President Roosevelt’s 
science advisory committee follow: 

“The idea that science takes away jobs, 
‘or in general is at the root of our economic 
and social ills, is contrary to fact, is based 
on ignorance or misconception, is vicious 
in its possible social consequences, and yet 
has taken an insidious hold on the minds of 
many people. Conscious of the fallacy of 
this idea, but characteristically intent on 
their work and averse to publicity, the pro- 
ductive scientists of the country have thus 
far taken little or no part in discussions of 
the subject. 

“It has become evident, however, that 
the spread of this idea is threatening to re- 
duce public support of scientific work, and 
in particular, through certain codes of the 
N.R.A., to stifle further technical improve- 
ments in our manufacturing processes. 
Either of these results would be nothing 
short of a national calamity—barring us 
from an advanced state of knowledge and 
standard of living and soon placing us at an 
economic disadvantage in respect to for- 
eign countries who have not let themselves 
be swayed by such a short-sighted point of 
view. 

“Consequently the New York Electrical 
Society and the American Institute of Phys- 
ics are combining in a national service to 
combat this insidious and dangerous propa- 
ganda. They do not, of course, hold that 
scientific and technical advances have not 
brought difficulties, like social growing 
pains. But they strive to prevent us from 
killing the goose that lays the golden eggs, 
just because some of these eggs happen to 
be tarnished. They would advocate careful 
attention to polishing the eggs, and en- 
couraging the goose to lay more of them. 
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In other words, they advocate intelligent 
and effective attention to remedy such so- 
cial and economic difficulties as have ac- 
companied the advance of science, and at 
the same time they advocate the further 
advancement of science and its applications 
for human welfare just as vigorously as pos- 
sible. They do this because the effects of 
science on human welfare are preponder- 
atingly good and beneficial... . 

“Think for a moment where we would be 
if our ancestors, alarmed by the progress of 
science, had taken steps by codes or by pub- 
lic sentiment to stop its progress!... Andif 
we, in this day and generation, act to stop 
science, our descendants will similarly miss 
the corresponding new advantages which 
they might otherwise have... . 

“That great human benefactor, Pasteur, 
had a grasp of the truth when he wrote: 
‘What really carries us forward is a few 
scientific discoveries and their applications.’ 

“Those in charge of this meeting... have 
chosen not to try to handle the whole field 
of science and its effects on society but to 
concentrate primarily upon just one aspect 
of these social effects, namely, the effect 
of science upon employment. This is a 
very live issue in these days of unemploy- 
ment. It is here that a misunderstanding of 
the effects of science are likely to be most 
dangerous, because of possible political in- 
fluences. Let us therefore consider very 
briefly what these effects are. 

“We will immediately admit that tech- 
nological advances frequently result in 
labor-saving devices which throw large num- 
bers of men and women out of work. This 
is distinctly unfortunate. Its evil effects 
can be mitigated by wise handling of these 
new devices; as, for example, the American 
Telephone and Telegraph Company has 
handled its introduction of automatic 
switching so as not to throw employees out 
of work. 

“But the other side of the picture is im- 
mensely more significant in that the major 
result of science is the creation of entirely 
new industries which cater to new human 
desires, and which not only create a multi- 
tude of new jobs but which increase the per 
capita productiveness of men so as, first, to 
permit of an increasing population which is 
not limited by starvation and misery and, 
second, to reduce the hours necessary for 
men to labor to produce their necessities, 
and in this way to give them their oppor- 
tunity to appreciate and experience some of 
the better opportunities of living which 
formerly were available only to those of 
wealth or of politically favored position. 

“Let me give a few examples of what I 
mean: Two years ago was celebrated the 
centennial anniversary of the discovery of 
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the principles of electromagnetism which 
underlie practically all of the modern elec- 
trical industry. According to the 1930 
census there were in this country about 
360,000 persons employed in the manu- 
facture of electrical machinery and equip- 
ment, and about 676,334 people employed 
in the distribution of electrical materials, 
exclusive of the field of communication, 
namely, the telephone, telegraph, and radio, 
which contribute in addition an immense 
number of workers. 

“T believe... that the argument can be 
made more fundamental even than this. 
Man has an irrepressible curiosity for new 
knowledge. This is the fundamental basis 
and urge for scientific work. Man has also 
an irrepressible desire to use his knowledge 
for the accomplishment of his desires. This 
is the basis of invention and of engineering. 
These, I believe, are so fundamentally a 
part of human psychology that they cannot, 
be fettered, though their free exercise may 
of course, be hampered or, on the other hand, 
be encouraged. The early Egyptian who 
discovered that a wheel driven by the cur- 
rent or by oxen could lift up water from the 
Nile for the irrigation of his fields did not 
worry because this invention relieved him 
of the job of carrying his water by hand. 
He simply took advantage of this invention 
to increase his range of interests and activi- 
ties in other directions. He cultivated more 
land, he experimented in early science, he 
built monuments which he could not have 
done had he toiled morning to night carry- 
ing water by hand. Similarly, I believe 
that in the last analysis the extent of man’s 
employment is governed by man’s inherent 
desire and urge to do something. If science 
can relieve him of the more routine tasks, 
he is free to turn his attention to other things 
which excite his curiosity or satisfy his de- 
sires. In the last analysis, therefore, I be- 
lieve that science simply increases man’s 
power and the range of his activities. Most 
certainly, however, both theory and ex- 
perience prove more conclusively that 
science has made jobs, not taken them 
away.” 


ADDRESS OF 
Dr. F. B. JEWETT 


Excerpts from the address delivered at 
the same meeting by Dr. Frank B. Jewett 
(A’03, F’12, past-president), vice-president 
of the American Telephone and Telegraph 
Company, and president of the Bell Tele- 
phone Laboratories, Inc., New York, N. Y., 
trustee of the New York Museum of Science 
and Industry, and a member of President 
Roosevelt’s science advisory committee, 
follow: 

“This allegation, that science has shot its 
bolt, and that there should be a holiday on 
scientific research, of course, is nothing 
substantially new. Some of us have been 
hearing this thing for a good many years 
but it has reached its crisis in this economic 
depression. That it is a false assumption, 
I think is quite easily demonstrable, if one 
is willing to look at things in somewhat of 
a broad prospective. ... 

“One of the first things which appears 
to be of first importance—is what has hap- 
pened in the Western world in the last 35 
years or so, in comparison to what happened 
in the rest of the world, relatively.... Let us 
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go back to the period of time in the Middle 
Ages—or later—even up to the end of the 
18th century.... What you find, is that 
goods were produced similarly in all parts 
of the world and that consequently, scien- 
tific progress was about the same through- 
out the world.... 

“Then something happened—at about the 
beginning of the 19th century—in the West- 
ern world, which upset existing conditions. 
That something was the introduction in the 
western society of science—and the further- 
ance of the scientific principle in living con- 
ditions. 

“During the 19th century, and more im- 
portantly, the first part of the 20th century, 
that influence has grown and what has been 
its result, is that it is the only major factor 
which has done more to correlate the mar- 
kets of the Western world to those of the 
rest of the world. Consequently, if scien- 
tific progress is not the sole cause of what- 
ever has happened to strengthen world re- 
lations, it is the major factor in changing 
existing conditions.... During this period 
of time, the population of the world has in- 
creased enormously. More people have 
been added to the world’s population in 
that short period of time, than in any pre- 
ceding time—and they have been added in 
the very places where science has found its 
work—in the Western world, in America 
particularly, and in Japan, the only one of 
the Oriental countries which has applied 
Science.... 

“Now to the question that Science has 
reduced employment. It has greatly in- 
creased employment because it has in- 
creased the number of people gainfully oc- 
cupied in its various aspects. Further 
than that, it has unquestionably increased 
the pleasure and ease of living in the sphere 
in which it has been operating... . 

“Let us see what progress resulted from 
the advance in the use of science in indus- 
try. At the time of the Centennial Expo- 
sition there was no telephone system, no 
electric light, or power industry. There 
was no automotive industry. There were 
no aeroplanes—nothing which involved in- 
ternal combustion engines. There were 
no chemical industries which have grown 
up in the last recent years. There was no 
motion picture machine. No talking ma- 
chine. No radio—no picture transmission. 
We can get up a list of things that are ex- 
tremely important today, which did not 
exist at all at the time of the Fair. Out of 
these have been built huge industries— 
the greatest outside of agriculture, which 
have given employment to untold thou- 
sands. 

“One thing which this Exposition did 
and which they did not expect it to do—was 
that it acted as a great inspiration to the 
youth of the country, and the result is a 
vast expansion to the application of science 
in an enormous number of industries and 
activities which had not so been benefited 
before... . 

“Tf one is willing to look at facts in broad 
prospective, it seems to me, that one can- 
not but see that history, in the last 150 
years at least, has proved that scientific 
research, applied to the forces of life, has 
resulted in better living conditions and an 
increase of employment for people who are 
gainfully working in scientific industries. 
I think that any argument to the contrary 
is based on complete ignorance—or based 
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on a too-narrow survey of specific, unre- 
lated facts.” 


ADDRESS OF 
Dr. R. A. MILLIKAN 


Excerpts from the address delivered at 
the meeting on ‘‘Science Makes More Jobs”’ 
in New York, N. Y., February 22, 1934, 
by Dr. R. A. Millikan (M’22, HM’33), di- 
rector of the Norman Bridge Laboratory of 
Physics and chairman of the executive 
council of California Institute of Tech- 
nology, Pasadena, and a member of Presi- 
dent Roosevelt’s science advisory commit- 
tee, follow: 

“Tf anyone. . . .doubt that the common 
man... .is vastly better off here today in 
depressed America than he has ever been 
at any other epoch in history, I beg of you 
to begin to read carefully a bit of that his- 
tory—or if you haven’t time for that, then 
to make friends with some historian and 
pump him on the living conditions of the 
common man in any preceding age as com- 
pared with those existing right now in the 
midst of the world’s greatest depression... 
If you haven’t even time for either of the 
foregoing procedures then let me ask you 
at least to take 10 minutes to read a brief 
article by Henry M. Robinson published 
in the December 1933 number of the Read- 
ers’ Digest entitled, ‘No Time Like the 
Present.”’ Its simple statement of his- 
toric facts will be an eye-opener to some of 
you. .. .Let me first quote Mr. Robinson’s 
conclusions from his historic studies. He 
says, ‘For all its chafings and imperfections 
our age is superior in security, comfort, 
leisure, and economic rewards to any other 
period or condition of life that ever existed 
in this sweating, tear-drenched world.’ Or 
again, ‘In terms of political justice, eco- 
nomic codperation, health, happiness, and 
human sympathy there has, as yet, been 
no time like the present.’ 

“For what is science actually responsible 
in this American civilization of ours? Let 
me first give to that question the answers 
upon which there will and can be no essen- 
tial disagreement. Science and its appli- 
cations have so increased the efficiency of 
labor that here in the United States we pro- 
duce more of the fundamental food-stuffs, 
clothing, building materials, and fuels than 
we, just now, know what to do with; and 
in spite of the present jam in our social 
machinery which we call the depression 
the great bulk of all this produce goes now, 
and always has gone to the common man, 
that is, to labor. So nearly is that true 
that any economist will tell you that the 
standard of living in the different countries 
of the earth is in general directly propor- 
tional to the total productivity of these 
countries per inhabitant. That is why in 
spite of the depression the standard of liv- 
ing here has remained relatively high and 
there has been no appreciable starvation, 
while in Russia where the opportunity for, 
and stimulus to, individual effort has been 
removed through state paternalism, not 
less than 5 million people, according to 
Whiting Williams, starved to death last 
year, and also where he says that the well- 
being of the common man is incomparably 
lower than it is here when at its worst. 

“Tn the second place I need to bring forth 
no figures to convince anybody that the pro- 
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ductivity of labor, brought about by the 
applications of science in America, has 
opened up to the common man the oppor- 
tunities of leisure such as he has never 
known at any other time or place... . 

“Every labor-saving device creates in 
general as many, oftentimes more, jobs 
than it destroys and the new jobs are in 
general better for the individual affected, 
and much better for society as a whole than 
the old ones. Labor-saving devices do not 
in general destroy the jobs that demand in- 
telligence. They cannot doit. The heavy, 
grinding, routine, deadening jobs are the 
ones that machinery destroys... . 

“Taking the long range view, not the 
short range one, I have no hesitation what- 
ever in saying that there is no such thing as 
technological unemployment. By what au- 
thority do I say that? By the authority of 
the official census of the United States. 
This lists every decade the percentage of 
the population ‘gainfully employed.’ This 
was 34 per cent in 1880 and almost exactly 
40 per cent in 1930—a depression year—and 
it has shown a steady increase decade by 
decade, save for a negligible drop from 1920 
—when war conditions were still on—to 
1930. In other words in this precise period 
in which science has been applied most 
rapidly to industry the percentage of our 
population living by means of jobs has con- 
tinually increased—comment enough on 
the soundness of the judgments of those who 
attribute the depression, which seems to me 
to be in fact a purely social phenomenon, 
to technological unemployment.” 


Bell Telephone System 
Centralizes Its Researches 


Announcement has been made that the 
research activities of the Bell Telephone 
System have been centralized thtough the 
censolidation of the development and re- 
search department of the American Tele- 
phone and Telegraph Company with the 
Bell Telephone Laboratories, Inc. A brief 
history of the research organization of the 
Bell system follows: 

Before there was a telephone there was 
a telephone laboratory. In a corner of a 
Boston workshop Alexander Graham Bell 
carried on his researches. Ever since that 
time the parent company of the Bell Tele- 
phone System, which evolved from his in- 
vention, has maintained a telephone labo- 
ratory. In the early years of the Bell 
System the laboratory was at its head- 
quarters in Boston. Two other labora- 
tories, meanwhile, developed in conjunc- 
tion with the Western Electric Company, 
the manufacturing unit; one in Chicago, 
and the other in New York. In 1907, 
these 3 laboratories were consolidated into 
a single unit in New York City. This 
combination of laboratories was then oper- 
ated as the engineering department of the 
Western Electric Company. 

Not all, however, of the research prob- 
lems of communication, in which the Ameri- 
can Telephone and Telegraph Company 
was interested, were of a laboratory char- 
acter. In its own organization, therefore, 
that company continued to maintain a de- 
velopment and research group. This group 
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stood intermediate between the laboratory 
research and the actual operation of com- 
munication systems. 


BELL TELEPHONE 
LABORATORIES ORGANIZED 


By. 1925 the work of the laboratory unit 
had so grown in range and in intensity, and 
the magnitude of the personnel involved, 
‘that it could best be carried on in a corpora- 
tion devoted solely to research and de- 
velopment. The organization, therefore, 
which had been maintained and operated 
as the engineering department of the West- 
ern Electric Company since 1907, was in- 
corporated as Bell Telephone Laboratories. 
Its dual responsibility to the American 
Telephone and Telegraph Company, for 
fundamental researches, and to the Western 
Electric Company as the manufacturing 
unit of the system, for the embodiment of 
the results of these researches in designs 
suitable for manufacture, was emphasized 
in its corporate organization. The labora- 
tory company is owned jointly by the 
American company and by the Western 
Electric. 

In the executive direction of the work of 
the laboratories there was emphasized the 
responsibility, which the American Tele- 
phone and Telegraph Company has as- 
sumed, as the corporate successor of Alex- 
ander Graham Bell, for ensuring to its as- 
sociated companies in the system the tech- 
nical progress of the communication arts. 
This was accomplished in part by organi- 
zation, and in part by the choice of execu- 
tive personnel. As president of the labora- 
tories there was elected Dr. F. B. Jewett 
(A’03, M’10, F’12, and _ past-president). 
Dr. Jewett was also elected vice-president 
of the American Telephone and Telegraph 
Company to have charge of its research and 
development activities. Codrdination of 
all the research activities within the Ameri- 
can company and within the laboratory 
unit was thereby assured under the super- 
vision of a single executive. 

It was while the laboratories were oper- 
ated as the engineering department of the 
Western Electric Company that there came 
into existence the laboratory group known 
as the “research department.’’ Its head 
in its early days was Dr. E. H. Colpitts 
(A’11, F’12), who had entered the Bell 
System in its Boston laboratory. In 1924 
he returned to the American company as 
assistant vice-president to take charge 
under the late General J. J. Carty (A’90, 
M’03, F’13, member for life and past- 
president), of the ‘‘development and re- 
search department’? of that company; 
and he continued in that capacity under 
Dr. Jewett. 

The department of development and 
research in the American Telephone and 
Telegraph Company has had that particu- 
lar name only since 1919. Its character- 
istic activities, however, preceded by years 
the adoption of its name, for they were part 
of those of the engineering department of 
the American company. That depart- 
ment, organized under General J. J. Carty, 
as chief engineer, was concerned with the 
technical progress of the telephone art, 
the establishment and maintenance of 
suitable standards, and the solution of 
peculiar problems arising in the operating 
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In 1919 there was taken another step in 
functional organization. The much aug- 
mented engineering department was di- 
vided into 2 groups, namely, that con- 
cerned with problems of operation and 
engineering and that concerned with prob- 
lems of development and research. The 
first mentioned problems became the par- 
ticular care of Bancroft Gherardi (A’95, 
M’04, F’12, member for life, and past- 
president), who was then appointed vice- 
president of the American Telephone and 
Telegraph Company; and the research 
problems continued to be the care of Vice- 
President J. J. Carty (deceased 1932). 
It was to the leadership of this department 
that Dr. Jewett succeeded when he returned 
to the American company from the Western 
Electric. 


FURTHER CENTRALIZATION 


March 1, 1934, a further centralization 
of the research activities of the Bell System 
was accomplished. The development and 
research department of the American Tele- 
phone and Telegraph Company and the 
laboratories were consolidated. All of 
their activities are now carried on under 
the corporate name of Bell Telephone 
Laboratories. A year earlier when this 
centralization was first definitely projected 
Mr. Colpitts was elected vice-president 
of the laboratories, in charge of its opera- 
tion. These 2 units which are now merged 
have had, therefore, for almost a year, 
identical executives. 

The combination with Bell Telephone 
Laboratories of the development and re- 
search department of the American company 
means an organization with a marked in- 
crease in responsibilities, and concurrently 
a commensurate increase in its technical 
efficiency. The direction of the enlarged 
organization continues to be the responsi- 
bility of Dr. Jewett in his dual capacity as 
vice-president of the American Telephone 
and Telegraph Company and president of 
Bell Telephone Laboratories. 


Obiteary 


WILLIAM JOSEPH HAMMER (A’87, M’87, 
F’12, and life member) retired, major, 
U.S. Army, long regarded as one of the 
country’s foremost electrical experts, who 
served the Institute as vice-president 
(1891-93) and manager (1893-96), died of 
pneumonia in New York, N. Y., on March 
24, 1934. He was born at Cressona, Pa., 
February 26, 1858, and was educated at 
public and private schools in Newark, N. J., 
and at the University of Berlin and the Tech- 
nische Hockshule (Berlin). Major Ham- 
mer became an assistant to Edward Westun 
in the Weston Malleable Nickel Company 
in 1878 and the following year entered 
Edison’s laboratory at Menlo Park, N. J., 
as general assistant, where for a long time 
he had charge of the tests and records on 
incandescent lamps. In 1880 he was made 
chief electrician of the first Edison Lamp 
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Works, at Menlo Park, N.J., and in 1881, 
chief engineer of the English Edison Com- 
pany. Hewas the Edison representative at 
the Paris Electrical Exposition, constructing 
what is reported to be the first central station 
for incandescent electric lighting in the 
world at Holborn Viaduct, which was put 
into operation in 1882. He also installed 
the plant using 12 Edison dynamos at the 
Crystal Palace Electric Exposition (1882) 
and Edison’s Paris Exhibit, 1889. In 1883 
he became chief engineer of the German 
Edison Company (now known as the Allge- 
meine Elektricitaets Gesellschaft) and in- 
stalled many plants through Germany. 
At the Berlin Health Exposition that year 
Major Hammer placed on exhibition his 
invention of the automatic motor-driven 
“flashing”’ electric lamp sign. He returned 
to the United States in 1884 to take charge 
of the interests of Mr. Edison and of 8 
Edison companies at the Franklin Institute 
Electrical Exhibition in Philadelphia and 
became confidential assistant to the presi- 
dent of the parent Edison Electric Light 
Company. In 1889 he was Edison’s personal 
representative at the Paris Exposition, 
setting up and operating all the Edison 
inventions; for this he was made Chevalier 
of the Legion of Honor (France, 1925). 
From 1884 to 1885 he was chief inspector 
of central stations of the Edison company. 
In 1886 he was chief engineer and general 
manager of the Boston Edison Company. 
He was one of the incorporators and trus- 
tees of the Sprague Electric Railway and 
Motor Company. From 1890 until his 
death, he carried on a consulting practice 
and maintained offices in New York. 
Among his important achievements were 
the installation of the 8,000-light plant 
of the Ponce de Leon Hotel at St. Augus- 
tine, Florida, the largest private plant in 
the world at that time, overhauling of the 
Jacksonville Edison plant which had been 
struck by lightning, and installation of the 
electrical effects at the Cincinnati Exposi- 
tion of 1888. He early advocated the use 
of radium in treating cancer and he gave a 
series of 88 lectures and published the first 
book on the subject, entitled ““Radium and 
Other Radioactive Substances.’”’ He was 
an aviation enthusiast and one of the first 
to privately own an airplane. At the en- 
trance of the United States into the World 
War he was appointed a major on the 
general staff of the Army in the inventions 
section of the War Plans Division, and 
later in the Operations Division of the Army 
War College at Washington. Major Ham- 
mer was active on the committee on Local 
Meetings which studied and reported on 
the advisability and plans for establishing 
local meetings, now referred to as local 
Sections, of the Institute in 18938. In 
1906-07 he represented the Institute at 
the Hall of Fame ceremonies. In 1932 he 
was a member of the special committee on 
the Edison Memorial. He was the recipi- 
ent of several scientific honors, including 
the Elliott Cresson gold medal; John Scott 
legacy medal and premium; the grand 
prize of the St. Louis Exposition, 1904; 
gold medal, St. Louis Exposition, 1906. 
He was awarded the World War medal 
(U.S.) and the World War medal (New 
York State), 1920. He was an officer and 
member of numerous societies, including 
the American Physical Society, New York, 
the Franklin Institute, Edison Pioneers, 
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American Acoustics Electrical Society, and 
the Aeronautical Society. 


GEORGE OWEN SQUIER (A’91, F’19, and 
member for life), retired, major-general, 
U.S. Army, Washington, D. C., who at- 
tained distinction in the electrical field 
because of his early work in the invention 
of the multiplex telegraphy systems, and 
development of a monoplane system of 
communication for transmitting broad- 
cast programs over telephone wires, died 
of pneumonia at the George Washington 
Hospital, Washington, D. C., March 24, 
1934. He was a researcher of some note 
and while some of his ideas did not prove 
practically advantageous, many of them 
were suggestive of new lines of attack and 
stimulated research and investigation, this 
particularly true in regard to his valuable 
suggestions concerning submarine cable 
telegraphy and high-frequency multiplex 
operation. He was born March 21, 1865, 
at Dryden, Michigan, and was educated 
at the United States Military Academy, 
graduated in 1887, and at Johns Hopkins 
University where he studied electrical 
engineering and general physics for 3 years 
subsequently. He was a fellow of the 
university in 1891 and a fellow by courtesy 
the following year. Some years later, in 
1903, he received the Ph.D. degree. He 
entered the military service as a second 
lieutenant of artillery, but was transferred 
later to the Signal Corps, attaining in 1917 
the rank of chief signal officer of the Army 
and in 1917 major-general, retiring in 1924. 
He had served as military attaché at the 
American embassy in London from 1912 
to 1913. During the World War he founded 
the Signal Corps School at Leavenworth, 
Kansas. He represented the War Depart- 
ment at the international conference on 
electrical communications at Washington 
in 1920 and the State Department on a 
committee of the conference in Paris the 
following year. He was a technical ad- 
viser at the Washington Arms Conference 
in 1921. His interest in electrical com- 
munication dated from the early days of 
his military career. Over a long period 
of years he was in responsible charge of 
the electrical work of the Signal Corps. 
In 1900-02 he commanded the U. S. S. 
“Burnside” in laying the cable telegraph 
of the Philippines. He put his multiplex 
telegraphy system into actual practice on 
a 3-mile line between the laboratory of the 
Signal Corps Bureau of Standards in Wash- 
ington and the Signal Corps Laboratory 
and filed the patent for it in 1910, in the 
name of the people. He first demonstrated 
the amplifying apparatus which enables a 
physician to make a stethoscopic study of 
a patient’s heartbeats at a distance of 
hundreds of miles. He was awarded the 
Elliott Cresson gold medal and the Frank- 
lin medal for his researches. He held the 
distinguished service medal of the United 
States. He was a Knight Commander of 
the Order of St. Michael and St. George 
of Great Britain, a Commander of the Order 
of the Crown of Italy, and a Commander 
of the Legion of Honor of France. He 
was a fellow of the London Physical So- 
ciety and the Royal Institute of Great 
Britain, and a member of the National 
Academy of Sciences. 
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Membership 


Recommended 
for Transfer 


The board of examiners, at its meeting held 
April 11, 1934, recommended the following mem- 
bers for transfer to the grade of membership 
indicated. Any objection to these transfers 
should be filed with the national secretary at once. 


To Grade of Fellow 


Funk, Nevin E., vice-pres., in charge of engg., 
Phila. Elec. Co., Pa. 

Goodale, Josiah E., E.E., N. Y. & Queens Elec. 
Lt. & Pwr. Co., Flushing, N. Y. 

Hill, Frederick W. L., engr., Potomac Elec. Pwr. 
Co., Washington, D. C. 

Smith, L. G., asst. to gen. supt., Coasolidated 
Gas Elec. Lt. & Pwr. Co., Baltimore, Md. 

Weber, Ernst, research prof. of E.E., Polytechnic 
Inst. of Bklyn., Bklyn., N. Y. 


To Grade of Member 


Bjorndal, Magnus, chief engr., The Daven Co., 
Newark, N. J 

Boyce, Edward O., engg. asst., Brooklyn Edison 
Covlnes Ne Ver City, 

Bush, Richard M., supt., elec. dept., Virginia 


Elec. & Pwr. Co., Williamsburg. 


Carr, John L., asst. to E.E., Potomac Elec. Pwr. 
Co., Washington, D. C. 

Curtis, Ralph F., asst. E.E., Western Mass. 
Companies, Springfield. 

Dudley, Homer W., telephone engg., Bell Tel. 
Labs., Inc., N. Y. City 

Grigsby, Logan C., E.E., Pub. Serv. Co. of Okla., 
Tulsa. 


chief of bureau of tests and 


Knopp, Otto A., 
Co., Emery- 


inspection, Pacific Gas & Elec. 
ville, Calif. 

Lamb, John 2 
Westinghouse Elec. 
burgh, Pa. 

Maunder, Sydney T., power transformer engr., 
Gen. Elec. Co., Pittsfield, Mass. 

Webber, Thomas T., tour chief-dispatcher in 
charge of tour, N. Y. Fire Dept., Woodhaven. 


industrial motor engg. dept., 
& Mfg. Co., E. Pitts- 


Applications 
for Election 


Applications have been received at headquarters 
from the following candidates for election to 
membership in the Institute. If the applicant has 
applied for direct admission to a grade higher than 
Associate, the grade follows immediately after the 
name. Any member objecting to the election of 
any of these candidates should so inform the na- 
tional secretary before May 31, 1934, or July 31, 
1934, if the applicant resides outside of the United 
States or Canada. 


Brown, L. E., Westinghouse Elec. & Mfg. Co., Salt 
Lake City, Utah. 
BETO UE, H. A., Dept. of Pub. Works, Olympia, 
ash. 
Burton, R. W., 1523 Chapel St., New Haven, Conn, 
Cain, B. M., Gen. Elec. Co., Schenectady, N. Y. 
Callis, P. A., Louisville Gas & Elec. Co., Ky 


Candler, M. A., Southern Bell Tel. & Tel. Co., 
Charlotte, N.C. 
Christensen, H. ro) Pi, Serv. Dept., City of 


Glendale, Calif. 
Coon CaACe 600 Fuller St., Oakland, Calif. 
Craig, S. A., Louisville Gas & Elec. Co., Ky. 
Davison, A. L., Empresa Telefonos Ericsson, S. A., 
Mexico, D. F., Mexico. 


Fettig, J. J., Duncan Elec. Co., Lafayette, Ind. 


Floyd, J. 1s Southern Bell Tel. & Tel. Co., Char- 
lotte, N. C. 
Fuller, A. W., Adrian, Ga. 
Gilcrest, R. V., Box 305, Carlyle, Il. 
Baltimore, 


Greenfield, E. W., Johns Hopkins Univ., 
Md 


Gregory, G. A., Dept. of Pub. Works, Olympia, 
Wash. 

Grimmett, R. B., Arkansas Pwr & Lt. Co., Marion 

Hedke, H. A. W. (Member), 726 Edmund St., St 
Paul, Minn. 

Herzenberg, A., Gen. Elec. Co., Pittsfield, Mass. 

Hibben, S. G., Westinghouse Lamp Co., Bloom ield, 
N 


Jessop, R. A., Am. Tel. & Tel. Co., Chicago, Tl. 

Johnson, L. N., Meter Serv. Corp., Chicago, III. 

Jones, H. L., Southern Bell Tel. & Tel. Co., Char- 
lotte, N. C 
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Keane, J. M., Va. Elec. & Pwr. Co., Petersburg, 


Va. 

Kemp, J. W., 554 Arden Place, Toledo, Ohio. 

Koenigsberg, 'M., 868 Whitlock Ave., N. Y. City. 

Krog, F. G. F., Potomac Elec. Pwr. Co., Washing- 
ton, D. C. 

Kurtichanof, L. E. (Fellow), Ry. Exchange Bldg., 
Portland, Ore. 

Lantz, ce Ss ‘Lantz Elec. Co., Orlando, Fla. 

Leake, W. S., Gen. Elec. Co., New Orleans, La. 

Leavitt, S. M., 128 32nd St., Woodcliff, N. J. 

Leeds, D. A., Northern Ind. Pub. Serv. "Co. Ham- 
mond, Ind. 

Long, R. P., Bell Tel. Co. of Pa., Phila. 

McGovern, W. R., Jr., Wis. Tel. Co., 

McKenzie, D. B., c/o Mrs. Stevens, 
St., Cambridge, Mass. 

McWilliam, C. E., Canadian Gen. Elec. Co., Ltd., 
Toronto, Ontario, Can. 

Meyerend, F. M., John A. Roebling’s Sons Co., 
Trenton, N. J. 

Milfer, R. A., Bell Tel. Lab., Inc., N. Y. City. 

Molis, B. W., Denver & Rio Grande Western R. R. 
Co., Denver, Colo. 

Morgan, M. I., Memphis Pwr. & Lt. Co., Tenn. 

Ni Garoe L., Southern Calif. Tel. Co., Los Angeles, 

alif. 
sgn B., Japanese Government Ry., N. Y. 
it 

Piaiated R. J., P. O. Box 31, Brecksville, Ohio. 

Ruhlin, L. H., Libbey- Owens Ford Glass Co:, 
Toledo, Ohio. 


Milwaukee. 
14 Clinton 


Sevouny, H., Elec. Engg. & Contracting Co., 
Nea Xen Citye 

Sievers, E. S., Weston Elec. Istrument Corp., 
Newark, N. J 


G., Dept. of Pub. 


Wash. 

Skrynski, W. J., Hydro Elec. Pwr. Comm. of Ontario, 
Hydro, Ont., Can. 

Smith, A. V., Gibbs & Hill, N. Y. City. 

Steensen, A. P., Foxboro Co., Foxboro, Mass. 

Swan, H. C., Sewerage & Water Board, New Or- 
leans, La. 

Towner, J. M., 537 Chateau Ave., Baltimore, Md. 

Venturine, J. B., Industrial Elec. & Engg. Co., 
Portland, Ore. 

eres F. D., Commonwealth Edison Co., Chicago, 
IL. 

Whitman, E. B. (Member), The West Penn Elec. 
Co., Pittsburgh, Pa. 

Williams, E. W., Gen. Elec. Co., Baltimore, Md. 

Williams, G. S., Cypress, Ill. 

57 Domestic 


Sinclair, B. Works, Olympia, 


Foreign 
Appadurai, V. P., Electricity Dept., Chepauk, 
Madras, India. 
Bower, D. H., Cape Times Ltd., Cape Town, South 
Tic: 


a. 

Norinder, E. H. (Member), Univ. of Uppsala, 
Husyborg, Uppsala, Sweden. 

Oswald, T. D., Newcastle & District Elec. Ltg. Co., 
Lid., Newcastle-upon-Tyne, Eng. 

Soderquist, C. G. D., Trafikaktiebolaget Granges- 
berg-Oxelosund, Grangesberg, Sweden. 

Vepa, V. L. R., Indian Inst. of Science, Bangalore, 
S. India. 

Young, A. H. (Member), Jamaica Pub. Serv. Co., 
Ltd., Kingston, Jamaica, B. W. I. 

7 Foreign 


Addresses 
Wanted 


A list of members whose mail has been returned 
by the postal authorities is given below, with the 
address as it now appears on the Institute record. 
Any member knowing of corrections to these 
addresses will kindly communicate them at once to 
the office of the secretary at 33 West 39th St., 
New York, N. Y. 


Bonell, R. K., 45 Clifton St., Newark, N. J. 

Brayman, Chas. E. c/o J. a Murphy & Son, 38 
Ford St., Hartford, Conn. 

Chilberg, Ernest E., Gen. Elec. Co., 230 S. Clark 
St., Chicago, Ill. 


Crowder, H. G. Y., 1019 Nelson St., Vancouver, 
BiG Can: 
Darcy, Hatris B., 305 M. & M. Bldg., Houston, 


Texas. 
Dean, George H., Corrie, Old Shoreham Road, 
Shoreham-by-Sea, Eng. 
Garvey, Fred A., 4144 Cottage Grove, Chicago, II. 
Coulee Harold, 404 W. 116th St., New York, 
nS 


Gray. i, back Jr., 6452 Hillegas Ave., Oakland, 


How, John H., 42 Wai Oi Road East, Canton, 


China. 

Isler, Harry F., 108 W. Harris Ave., San Angelo, 
Texas. 

MacDonald, Robert, 6 Rue Nicolas Charlet, Paris, 
France. 


Miller, Frank D., Box 34, Yatesboro, Pa. 

Nome B., 104-25 115th St., Richmond Hill, 
Pauli, ‘Henry F., 217 Greylock Pkwy., Belleville, 
1507 Sherwin Ave., Chicago, IIL. 
1804 Tel. Bldg., St. Louis, Mo. 


aa 
Sparks, Losey D., 
Valier, Chas. E., Jr., 


ELECTRICAL ENGINEERING 


